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Abstract — Self proteins are handled in the same way as foreign proteins by antigen presenting cells, 
but because of T-cell tolerance the presentation of self peptides does not normally lead to T cell 
activation. By providing physically linked T-cell help it. is possible to overcome the B cell non- 
responsiveness toward self antigens. We have shown previously that a very potent antibody response, 
cross-reactive with a self protein, can be rapidly induced by immunizing with a recombinant immu- 
nogen consisting of the self protein with a foreign irnmunodominant T helper epitope inserted into 
its sequence (Dalum, L, Jensen, M. R., Hindersson, P., Eisner, H. L and Mouritsen, S. (1996) /. 
Immunol. 157, 4796). In this study we compare this approach for inducing autoantibodies against a 
self protein with the traditional method of conjugating the self antigen to a foreign carrier protein. 
The highly conserved self protein ubiquitin with an inserted epitope from ovalbumin (UbiOVA) is 
used as a model protein and compared to two traditionally conjugated immunogens consisting of 
ubiquitin chemically conjugated to a peptidic T helper epitope or to ovalbumin. The traditionally 
conjugated immunogens induce much slower and low titered ubiquitin specific antibody responses 
than the recombinant construct which also is capable of inducing antibodies directed against a much 
broader range of potential ubiquitin B cell determinants than the chemically conjugated immunogens. 
All three constructs are processed by antigen presenting cells and ovalbumin derived T cell epitopes 
are presented to T helper cells. From these observations it seems likely that the presence of non- 
shielded autologous B cell determinants on the immunogen is critical for the ability to induce a strong 
autoantibody response with a diverse fine specificity. Furthermore, the ubiquitin specific antibodies 
induced by UbiOVA contain higher levels of IgG2a/b relative to IgGl compared to the conjugates. 
We therefore speculate that the insertion of a T cell epitope directly into the self antigen could possibly 
induce an immune response with a different Thl/Th2 balance than a response induced with traditional 
conjugates. © 1997 Elsevier Science Ltd. All rights reserved. 
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INTRODUCTION 

In order to be recognized by T helper (Th) cells, anti- 
gens (Ags) must be processed by antigen presenting cells 
which proteolytically process the Ags to generate peptide 
fragments which are subsequently exposed on the cell 
surface in complex with MHC class II molecules. B cells 
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Abbreviations: Ab, antibody; Ag, antigen; UbiOVA, recom- 
binant ubiquitin with OVA(325-336) inserted at position 
21-32; cUbi-OVAp, bovine ubiquitin chemically conjugated 
with OVA(323-339)Y peptide; cUbi-OVA, bovine ubiquitin 
chemically conjugated to ovalbumin; HEL, hen egg-white 
lysozyme; OVA, ovalbumin. 
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can act as highly potent antigen presenting cells when 
they endocytose Ags via their specific surface immu- 
noglobulin receptors (Rock el a/., 1984). The subsequent 
Th cell recognition of peptides presented by MHC class 
II on the surface of B cells leads to direct T-cell help to 
the B cell and eventually to generation of antibodies (Abs) 
against the intact Ag. 

Peptides from self proteins are presented by antigen 
presenting cells in the same way as peptides generated by 
Ag processing of foreign proteins (Kourilsky et a/., 1987). 
Normally, the presentation of self peptides does not lead 
to stimulation of T cells because of tolerance toward 
MHC associated epitopes derived from the self proteins. 
A major reason for the non-responsiveness of self reactive 
B cells could be the lack of direct T-cel! help. Accordingly, 
to make self Ags immunogenic, immunostimulatory Th 
epitopes have been coupled chemically to the Ags (Talwar 
13 
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et ai, 1994; Sad et ai, 1993; Steinhoff et al. 1994). 
However, this often leads to low-titered and slowly 
induced autoantibody responses. One explanation for 
this could be that autologous B cell epitopes in the immu- 
nogen are physically shielded by the relatively large car- 
rier moieties. Another possibility could be that chemical 
conjugates are less susceptible to intracellular Ag pro- 
cessing than non-conjugated proteins and therefore lead 
to an impaired presentation of the conjugated Th 
epitopes. 

We have previously studied the breakdown of the B 
cell tolerance against the non-immunogenic self Ag 
ubiquitin of which the amino acid sequence is totally 
conserved among the animal species. This protein was 
modified by insertion of single foreign immunodominant 
Th cell epitopes (Dalum et ai, 1996). We showed that the 
cross-reactive ubiquitin-specific autoantibody response 
raised toward such recombinant immunogens was very 
strong and rapidly induced, thereby demonstrating that 
the T-cell help provided by insertion of a single foreign 
Th epitope is sufficient to overcome the B cell non-respon- 
siveness. The T cell regulatory role of such an inserted 
foreign Th epitope was studied and at least two different 
Th cell specificities (against the inserted epitope as well 
as against novel flanking epitopes) were found to operate 
during the Ab response (Dalum et al., 1996). Here, we 
directly compare this approach with a traditional chemi- 
cal conjugation method commonly used to create hapten- 
carrier complexes. We examine the ability of a well- 
defined foreign immunodominant core Th cell epitope 
OVA(325-336) (Sette et al., 1987) to induce T-cell help 
for autoantibody production when linked in different 
ways to the same self protein. The recombinant construct, 
UbiOVA, consists of ubiquitin with OVA(325-336) 
inserted at position 21-32. The conjugates cUbi-OVAp 
and cUbi-OVA were produced by chemical conjugation 
of the OVA(323-339)Y peptide or OVA, respectively, to 
bovine ubiquitin using a standard method. We dem- 
onstrate that the recombinant approach is superior to 
the classical conjugation method with regard to inducing 
specific high-titered cross-reactive autoantibodies. It is 
also shown that the recombinant immunogen is able to 
induce autoantibodies with a more diverse fine specificity 
than the conjugates. A possible effect on the Thl/Th2 
balance of the response induced against the recombinant 
immunogen is also indicated. 



MATERIALS AND METHODS 

Immunogens 

UbiOVA was constructed as previously described 
(Dalum etal, 1996). Briefly, a segment corresponding to 
amino acids 21-32 of a synthetic gene encoding ubiquitin 
was exchanged with oligonucleotides encoding the Th 
epitope OVA(325-336) (QAVHAAHAEINE) using con- 
ventional techniques (Sambrook et al., 1989). The modi- 
fied protein was purified from E. coli inclusion bodies 
using urea solubilization and ammonium sulphate pre- 
cipitation as well as reversed phase HPLC. The resulting 



material was more than 95% pure as determined on sil- 
ver-stained SDS-PAGE gels. The protein concentration 
was determined by the bicinchoninic acid method (Smith 
et ai, 1985) and the material was solubilized in phos- 
phate-buffered saline (PBS) (0.15 M NaCI, 2.5 mM KC1, 
1.5 mM KH 2 P0 4) 7 mM Na 2 HP0 4 , pH 7.2) and stored 
at -20°C until use. UbiHEL was constructed by sub- 
stitution of ubiquitin amino acids 65-76 with an amino 
acid sequence corresponding to the T cell epitope 50-61 
of hen egg-white iysozyme (HEL) (STDYG1LQINSR) 
and the resulting protein was expressed and purified in 
the same way as UbiOVA (Dalum et ai, 1996). 

The conjugates cUbi-OVAp and cUbi-OVA were pro- 
duced by conventional two-step glutaraldehyde coupling 
(Harlow and Lane, 1988). Briefly, 5 mg of bovine ubiqui- 
tin (Sigma, Dorset, U.K.) was dissolved in 500 p\ PBS 
and stirred at room temperature with 500 p\ 10% glu- 
taraldehyde for 30 min, and subsequently glycerol was 
added to 5%. Activated ubiquitin was separated from 
free glutaraldehyde by collection of OD-280 absorbing 
material eluded in the void volume of a gel filtration 
column (G25 superfine, Pharmacia, Uppsala, Sweden) 
equilibrated in PBS. Synthetic OVA(323-339)Y (1.77 mg 
dissolved in 1 ml PBS) or OVA (grade VII, Sigma, 3.37 
mg dissolved in 1 ml PBS) were added and incubated 
with stirring at room temperature for^ h, thejast hour 
in the presence of 200 mM glycine. The material was 
dialysed against PBS and the protein content was deter- 
mined as before (Smith et al., 1985). The conjugates were 
stored at -20°C until use. 

Synthetic peptides 

Synthetic peptides representing ubiquitin(l-15) 
(MQIFVKTLTGKTITL), ubiquitin(l 1-25) (KTI- 
TLEVEPSDTIEN), ubiquitin(21-36) (DTIENVKAKI- 
QDKEGI), ubiquitin(32-46) (DK EG I PPDQQ RL I FA), 
ubiquitin(42-56) (RLIFAGKQLEDGRTL), ubiqui- 
tin(52-66) (DGRTLSD YN IQKEST), ubiquitin(62-76) 
(QKESTLHLVLRLRGG), UbiOVA( 19-34) (PSQA- 
VHAAHAEINEKE) and OVA(323-339)Y (ISQAV- 
HAAHAEINEAGRY) were synthesized on an auto- 
matic peptide synthesizer (Novasyn Crystal, Novasyn, 
Nottingham, U.K.) using conventional F moc chemistry on 
a cleavable resin (Tentagel, Rapp Polymere, Tubingen, 
Germany). PyBOP (Novasyn) was used for activation of 
the amino acids. The peptides were cleaved from the 
resins and deprotected according to the manufacturers 
instructions, dissolved in 10% acetic acid and lyophilized 
before purification by reversed phase HPLC using a 
LiChrosorb RP-18 column (Merck, Darmstadt, Germ- 
any). A high degree of purity of all the peptides was 
verified by analytical reversed phase HPLC The 
sequences of all peptides were subsequently confirmed 
using an automatic peptide sequencer (model 476A, 
Applied Biosystems, Foster City, CA, U.S.A.). 

Induction of ubiquitin specific Abs 

BALB/c (H-2 d ) mice were bred at authorized facilities 
at the Panum Institute, Copenhagen, Denmark. Five 
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groups of 8 animals were immunized with either 
UbiOVA, cUbi-OVA, cUbi-OVAp, bovine ubiquitin or 
bovine ubiquitin mixed with OVA(323-339)Y. One 
group of five animals received UbiHEL. The animals 
were immunized at day 1 by subcutaneous (s.c.) injections 
of 100 fig Ag solubilized in PBS and emulsified with 
an equal volume of complete Freund's adjuvant (CFA) 
(Difco, Detroit, MI, U.S.A.)- In the group receiving a 
mixture of ubiquitin and OVA(323-339)Y, 100 /ig of each 
of the Ags were given. Booster injections with the same 
amount of Ag emulsified 1 : 1 in incomplete Freund's 
adjuvant (Difco) were given s.c. on days 14 and 28. Each 
mouse was bled by puncture of the orbital plexus at days 
0, 13, 27, 41, 55, 69 and 102, and sera were isolated by 
centrifugation and stored at — 20°C until use. 

ELISA 

For detection of ubiquitin specific Abs, polystyrene 
microtitre plates (Maxisorp, Nunc A/S, Roskilde, 
Denmark) were coated overnight (100 /il/well) at 4°C 
with yeast ubiquitin (50 /ig/ml) (Sigma) dissolved in 0.1 
M sodium carbonate buffer (pH 9.6). Yeast ubiquitin 
differs from bovine ubiquitin only at three amino acid 
positions (Ozkaynak et ai, 1984) but was used in order 
to. avoid any possible cross-reactions with Abs specific 
for impurities in the bovine ubiquitin preparation used 
to generate the conjugates. Residual binding sites were 
blocked with 200 /il/well of 1 % BSA in washing buffer 
(0.5 M NaCl, 2.5 mM KC1, 1.5 mM KH 2 P0 4 , 7 mM 
Na 2 HPO<, 1% Triton X-100, pH 7.2), and 3-fold 
dilutions of serum (100 /il/well in washing buffer con- 
taining 1 % BSA) starting at 1 : 200 were added to the 
coated wells and incubated for 1 h at room temperature. 
After washing, 100 /il of horse radish peroxidase labelled 
rabbit anti-mouse immunoglobulin (DAKO A/S, Ejby, 
Denmark) diluted 1 : 2000 in washing buffer containing 
1% BSA was added to each well and incubated for 1 
h at room temperature. The binding was subsequently 
visualized with a 1 mg/ml <?-phenylenediamine substrate 
(Sigma) solution in 3.5 mM citrate, 7.5 mM Na 2 HP0 4 
(pH 5.0) containing 0.03% H 2 0 2 . The reaction was stop- 
ped by addition of 1 50 /il 2 N H 2 S0 4 per well, and the 
absorbance at 492 nm was measured. A standard curve 
with known dilutions of high-titered anti-UbiOVA anti- 
serum was included on each plate. The titers are expressed 
as the dilution given by the standard curve which cor- 
responds to the observed absorbance of the serum 
sample. Data are represented by calculating the mean of 
the titers within each immunization group. The reactivity 
of the antisera with OVA protein was determined in a 
similar assay with polystyrene plates coated with 1 
/ig/well of OVA. The ability of antibodies raised against 
ubiquitin or OVA to react with the different immunogens 
was tested by coating the individual immunogens (5 
/ig/well) in Maxisorp microliter plates and performing 
the assay as described above. A polyclonal anti-ubiquitin 
antiserum raised against native ubiquitin conjugated to 
bovine IgG (generously supplied by Klaus Hendil, The 
August Krogh Institute, University of Copenhagen, 



Denmark) and a polyclonal anti-OVA antiserum raised 
against OVA, coupled to dinitrophenyl, were used as 
primary antibodies. Horse radish peroxidase labelled 
swine anti-rabbit immunoglobulin (DAKO) was used as 
secondary antibody in the anti-OVA reactions. The fine 
specificities of the antisera were determined in an ELISA 
assay using AquaBind microtitre plates (M&E Biotech, 
Copenhagen, Denmark) which are capable of binding 
peptides covalently in a hydrophilic environment (Gre- 
gorius et al, 1995). These plates were coated for 2 h at 
37°C with 10 fig/ml synthetic ubiquitin peptide dissolved 
in 0.1 M sodium carbonate buffer (pH 9.6) (100 /il/well). 
The plates were subsequently blocked with 200 /il/well of 
0.1 M sodium carbonate buffer (pH 9.6) containing 10 
mM ethanolamine, 15% polyethylene glycol 8000 
(Sigma) and 1% BSA. Serial dilutions of pooled sera 
from each of the four ubiquitin-reactive immunization 
groups were made in washing buffer containing 1 % BSA 
and 1 % dextran 70,000 (Sigma) and allowed to react at 
room temperature for 2 h (100 //I in each well). After 
washing, 100 /il of alkaline phosphatase labelled rabbit 
anti-mouse immunoglobulin diluted 1 : 500 in washing 
buffer containing 1 % BSA was added to each well and 
incubated for 2 h at room temperature. The binding 
was visualized with 100 /il of a 1 mg/ml p-nitro- 
phenylphosphate substrate solution in 1 M dietha : J 
nolamine, 0.5 mM MgCl 2 (pH 10.0), and the absorbance 
at 405 nm was measured. The reactivity of the sera was 
compared using the obtained A405 values at a selected 
representative dilution (1 : 100). Isotyping analysis was 
performed on pools of ubiquitin-reactive sera using a 
standard kit (90-6550, Zymed, San Francisco, CA, 
U.S.A.) with 5 jig bovine ubiquitin per well for coating. 



T cell proliferation assay 

This was done as described previously (Mouritsen et 
al., 1989). Groups of 2 BALB/c mice were primed s.c. in 
the hind footpads and at the tail base with 100 fig Ag 
dissolved in PBS emulsified 1 : 1 in CFA. After 10 days 
popliteal, inguinal and periaortal lymph nodes were 
removed and single-cell suspensions prepared. 5xl0 5 
lymph node cells were mixed with Ag in a total volume 
of 200 /d/well of complete RPMI-1640 medium con- 
taining 1 mM sodium pyruvate, MEM non-essential 
amino acids and 0.5-1 % fresh syngeneic normal mouse 
serum. Concanavalin A (I /ig/ml) as well as purified pro- 
tein derivative of tuberculin (50 /ig/ml) were used as posi- 
tive controls. The assay was performed in triplicate in 
wells of microtitre plates. After an 18 h pulse with 1 /iCi 
3 H-thymidine per well at the end of a 4 day incubation 
period, the proliferative response was measured on har- 
vested cells in a ^-scintillation counter. At least three* 
repetitions of the assay were performed with equivalent 
results. Data were presented as T cell proliferation indices 
calculated as the 3 H-thymidine incorporation of cells cul- 
tured with Ag relative to the 3 H-thymidine incorporation 
of cells cultured with PBS. 
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Anti-ubiquitin-IgG dilution Anti-ovalbumin-DNP dilution 
Fig. 1. Characterization of the immunogens. (A) Samples of 5 fig (1) UbiOVA, (2) cUbi-OVA and 
(3) cUbi-OVAp were applied in lanes of an SDS-PAGE gel, and the proteins were visualized by silver 
staining. The migration of the native 8.5 kDa ubiquitin protein is indicated by an arrow. Polystyrene 
ELISA plates were coated with (T) UbiOVA, (•) cUbi-OVAp, (O) cUbi-OVA, (■) bovine 
ubiquitin, (□) OVA or (V) OVA(323-339)Y peptide and tested for reactivity with (B) antiserum 
raised against ubiquitin coupled to bovine IgG and (C) antiserum raised against OVA coupled to 

dinitrophenyl (DNP). 



RESULTS 

Production of the immunogens UbiOVA, cUbi-OVAp and 
cUbi-OVA 

To address whether insertion of a single Th epitope is 
more efficient than chemical conjugation in order to 
induce Abs against a self protein, three different immu- 
nogens were produced, all containing the same core T 
cell epitope derived from OVA. Figure 1A shows the 
immunogens visualized in a silver stained SDS-PAGE 
gel. The immunogens could be recognized in Western 
blots both using polyclonal anti-ubiquitin antiserum 
raised against a conjugate of the native ubiquitin mol- 
ecule and bovine IgG as well as with a polyclonal anti- 
OVA antiserum raised against OVA coupled to dini- 
trophenyl (data not shown). From the smeared appear- 
ance of the protein bands on the Western blots it was 
concluded that the conjugation procedure results in quite 
heterogenous preparations of both cUbi-OVA and 
cUbi-OVAp. The presence of both ubiquitin and OVA 
derived determinants in all three immunogens was also 
verified in an ELISA assay using the same antisera (Fig. 
IB and 1C). 

Immunogenicity of UbiO VA, cUbi-0 VAp and cUbi-O VA 

Five groups of 8 BALB/c mice were immunized s.c. 
with either UbiOVA, cUbi-OVAp, cUbi-OVA, bovine 
ubiquitin mixed with OVA(323-339)Y or bovine ubiqui- 
tin alone. The reactivity of the antisera toward non-con- 
jugated ubiquitin was analysed in ELISA with 
immobilized yeast ubiquitin (Fig. 2). All mice receiving 
UbiOVA rapidly developed a high-titered anti-ubiquitin 
response, confirming our previous observation that inser- 
tion of the OVA(325-336) epitope into ubiquitin results 
in a highly immunogenic molecule capable of inducing 
Abs cross-reactive with non-modified ubiquitin (Dalum 
et al., 1996). Immunization with the cUbi-OVAp con- 



jugate resulted in a much slower and low-titered anti- 
ubiquitin response which appeared in only 3 out of 8 
mice. A slow low-titered response was also observed 
the group of mice immunized with the cUbi^VAIron-^ 
jugate, although 7 out of 8 mice developed anti-ubiquitin 
Abs. Strikingly, the anti-ubiquitin titers of the Abs raised 
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Days past immunization 
Fig. 2. Induction of anti-ubiquitin Abs in sera from BALB/c 
mice immunized with (▼) UbiOVA, (#) cUbi-OVAp con- 
jugate or (O) cUbi-OVA conjugate. Control mice were immu- 
nized with (■) bovine ubiquitin alone or (V) mixed with 
OVA(323-339)Y peptide. Groups of 8 mice received s.c. injec- 
tions of 100 fig Ag emulsified 1 : 1 in CFA on day 1. Booster 
injections with the same amount of Ags in incomplete Freund's 
adjuvant were given s.c. on days 14 and 28. The immunization 
dates are indicated with arrows. Each mouse was bled at various 
time points, and the obtained sera were analysed in ELISA for 
anti-ubiquitin reactivity. The titer was calculated by correlation 
with a strongly positive standard serum. Error bars represent 

one positive standard deviation. 
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toward UbiOVA were approximately 20 x higher than 
the Abs raised with the conjugates. Furthermore, a 
detectable level of anti-ubiquitin Abs was induced 
approximately two weeks earlier with UbiOVA as immu- 
nogen than with the conjugates. Native bovine ubiquitin 
alone or mixed with OVA(323-339)Y peptide did not 
induce ubiquitin specific Abs. In a separate ELISA assay, 
the sera were tested for their ability to react with OVA. 
All mice immunized with UbiOVA, cUbi-OVA or bovine 
ubiquitin mixed with OVA(323-339)Y peptide developed 
anti-OVA Abs, whereas sera from 5 out of 8 mice immu- 
nized with cUbi-OVAp were reactive with OVA (data 
not shown). 

Fine specificity of the induced autoantibodies 

In order to compare the fine specificity of the Abs 
raised toward UbiOVA and the conjugates, 7 synthetic 
overlapping 15-mer peptides representing the entire 
ubiquitin sequence were synthesized. The peptides were 
immobilized in AquaBind microtitre plates, and pools of 
ubiquitin-reactive antisera raised in B ALB/c mice toward 
UbiOVA and the conjugates were tested for reactivity 
with the peptides (Fig. 3). The antisera raised toward 
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Fig. 3. Fine specificity of the Abs raised toward recombinant 
modified ubiquitin and ubiquitin conjugates. Pooled ubiquitin- 
reactive antisera raised in BALB/c mice toward UbiOVA, 
cUbi-OVAp, cUbi-OVA and UbiHEL were tested in ELISA 
for reactivity with peptides corresponding to overlapping 
ubiquitin sequences as well as the peptide UbiOVA( 19-34) 
which corresponds to the OVA(325-336) epitope in UbiOVA 
with the two flanking ubiquitin amino acids in each end. ND: 
Not determined. 



UbiOVA reacted with ubiquitin(32-46) and ubiqui- 
tin(42— 56) and to a lower extent ubiquitin(l— 1 5) and 
ubiquitin(62-76). The anti-cUbi-OVAp antisera did not 
react significantly with any of the overlapping peptides, 
whereas anti-cUbi-0 VA antisera reacted exclusively with 
ubiquitin(62-76). Pooled immune sera from each of the 
three immunization groups reacted with bovine ubiquitin 
coated onto these microtitre plates as well as with the 
peptide UbiOVA( 19-34) which xprresponds to the 
OVA(323-339) derived OVA epitope in UbiOVA with 
two flanking ubiquitin amino acids in each end. Strong 
reactivity with ubiquitin(I-15) and ubiquitin(32-46) was 
observed when using another recombinant immunogen, 
UbiHEL which is constructed by inserting the H-2 k 
restricted Th epitope HEL(50-61) into ubiquitin at pos- 
ition 65-76. It has previously been shown that the immu- 
nogenicity of such a modified recombinant self antigen 
in mice bearing non-matching MHC alleles can be due 
to the induction of a T-cell response specific for one or 
more epitopes composed of part foreign sequence and 
part ubiquitin sequence (Dalum et al., 1996). 

Isotype distribution of the induced autoantibodies 

The relative occurrence of the different immu- 
noglobulin isotypes was determined in pooled ubiquitin- 
reactive sera from the different groups of immunized 
mice. It was found that the antisera raised in response to 
all three immunogens were almost exclusively of the IgG 
isotype (Fig. 4). Compared to sera from mice immunized 
with the conjugates, the Abs raised against UbiOVA had 
a higher content of IgG2b (3 1 % for UbiOVA compared 
to 5% and 9% for cUbi-OVAp and cUbi-OVA, respec- 
tively), whereas the level of IgGl was lower (33% for 
UbiOVA compared to 56% and 45% for cUbi-OVAp 
and cUbi-OVA, respectively). 



A. Anti-UbiOVA 



B. Anti-cUbi-OVAp 




Hi IgM 

l-:-:-:v: : :->:l IgQ 1 

lgG2a 
llHUHll IgG 2b 
IgG3 
IgA 

Fig. 4. Distribution of immunoglobulin isotypes in sera from 
mice immunized with UbiOVA or ubiquitin conjugates. Pooled 
ubiquitin-reactive sera from mice immunized with (A) 
UbiOVA, (B) cUbi-OVAp and (C) cUbi-OVA were analysed 
for the content of different immunoglobulin isotypes, and the 
result was illustrated as proportions of total anti-ubiquitin 
immunoglobulin heavy chain measured. 
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Antigen concentration (M) 
Fig. 5. Proliferation of T cells from BALB/c mice immunized 
with (A) UbiOVA(19-34), (B) OVA(323-339)Y or (C) OVA 
and in vitro stimulated with (O) UbiOVA, (V) cUbi-OVAp or 
(□) cUbi-OVA, respectively. As control Ags (#) UbiOVA(I9- 
34), (T) OVA(323-339)Y or (■) OVA were added in vitro. 
BALB/c mice were immunized s.c. with 100 /xg of Ag emulsified 
1 : 1 in CFA. After 10 days lymph node cells were collected and 
incubated with serial dilutions of the respective Ags. T cell 
proliferation indices were determined after 4 days of culture. 
Average background levels were (A) 230 cpm, (B) 407 cpm and 
(C) 1325 cpm. Error bars represent one standard deviation. 



T cell responses against UbiOVA, cUbi-OVAp and cllbi- 
OVA 

To demonstrate that the added OVA epitope(s) in 
UbiOVA and the conjugates could be presented to T 
cells, we immunized 3 groups of BALB/c mice with any 
of the three OVA parts which were added in the three 
immunogens. As shown in Fig; 5, UbiOVA induced in 
vitro restimulation of T cells from mice immunized with 
UbiOVA( 19-34) peptide. Likewise, cUbi-OVAp induced 
in vitro restimulation of T-cells raised against OVA(323- 
339)Y, and cUbi-OVA was able to restimulate T cells 
from mice immunized with OVA. As controls, all the T 
cells were restimulated with the Ag they were raised 
against. Thus, in all three immunogens, antigen pre- 
senting cells select the inserted or conjugated OVA epi- 
tope for presentation to Th cells raised in BALB/c mice. 



DISCUSSION 

Normally, the self proteins of an individual are not 
attacked by specific autoantibodies. This tolerance within 
the B cell population is, by many immunologists, believed 
to be maintained by clonal deletion (Nemazee and 
Buerki, 1989) and/or by induction of anergy (Goodnow 
et al., 1 988) in the population of potentially autoreactive 
B cells. We have shown, however, that B cells reactive 
against self epitopes can be activated solely by providing 
strong foreign immunodominant Th epitopes to a self 
protein. By substitution of a ubiquitin segment with one 
such epitope we constructed a recombinant immunogen 
which is capable of inducing high-titered Abs reactive 
with native parts of the ubiquitin molecule. This 
approach was compared to immunogens produced by 
a classical chemical coupling method in terms of the 
dynamics of autoantibody induction, fine specificity of 
the induced Abs, IgG subclass distribution and avail- 



ability of immunogenic T cell epitope(s) for presentation 
to Th cells. 

We observed that the immunogen generated using the 
recombinant approach was able to induce a specific 
autoantibody response which was faster and with 
approximately 20-fold higher titers than the response 
induced with the traditional conjugates (Fig. 2). An 
explanation for this difference may be found in the struc- 
ture of the immunogens. Ubiqujjin is a small 76 amino 
acid protein which in addition to its N-terminal amino 
group contains seven lysine residues with amino groups 
that are potential coupling sites for carrier molecules 
when using the glutaraldehyde coupling method. 
However, no amino groups are located among the 13 
carboxyl terminal amino acids. From crystal I ographic 
studies it is known that the carboxyl terminal is pro- 
truding from the otherwise very compact ubiquitin mol- 
ecule (Vijay-Kumar et aL, 1987). It could thus be 
presumed that the ubiquitin part of the conjugates would 
be partly covered by the carrier moieties, but not in the 
carboxyl terminal. This is supported by the observation 
shown in Fig. 3, that the anti-ubiquitin Abs raised toward 
cUbi-OVA are mainly reactive with the carboxyl ter- 
minal peptide. We have also made the same observation, 
using a ubiquitin conjugate with bovine IgG as the carrier 
molecule in rabbits (unpublished result). Our findings 
thus favour the explanation that physical shielding of 
native ubiquitin B cell epitopes except in the carboxyl 
terminal occurs in the ubiquitin-conjugates. Accordingly, 
this may be a major reason for the difference in capability 
of inducing anti-ubiquitin Abs using UbiOVA vs the 
classical conjugates. Another explanation for the weaker 
immunogenicity of the chemically linked conjugates 
could be that the ubiquitin moieties are seriously 
denatured during the conjugation procedure so that anti- 
bodies are induced towards denatured (and thus irrel- 
evant) ubiquitin B cell epitopes assisted by an OVA 
specific Th cell response. 

It has been reported that the use of large carrier mol- 
ecules is associated with so-called carrier-induced sup- 
pression effects. Pre-immunization with the carrier 
protein or a derived T cell epitope has been found to 
reduce the Ab response to the carrier coupled Ag. This 
effect has by some workers been attributed to activation 
of carrier specific T suppressor cells (Sad et aL, 1991) 
whereas others explain such observations by competition 
between clonal ly expanded carrier specific B cells and 
hapten specific B cells (Schutze et aL, 1989). If carrier- 
induced suppression plays a role in breaking the B cell 
tolerance toward a self Ag, the use of an immunogen 
constructed like UbiOVA would perhaps circumvent 
these problems due to the use of a minimal part of the 
foreign carrier Ag in the construct. 

Marked differences in the fine specificity distributions 
were observed among the recombinant^ modified 
ubiquitin molecules and the conjugates. Even though 
only specificities against linear B cell epitopes represented 
by the peptides are measured, the fine specificities of the 
Abs raised against cUbi-OVAp and cUbi-OVA seemed 
less diverse than the Abs induced by the recombinant Ags 
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UbiOVA and UbiHEL (Fig. 3). This could perhaps be 
explained by the shielding of B cell epitopes in the con- 
jugates, as mentioned above, and possibly also by the 
induction of antibodies against denatured ubiquitin 
determinants. In the design of UbiOVA we aimed at 
disturbing the tertiary ubiquitin structure as little as poss- 
ible in order to preserve the native B cell epitopes. There- 
fore, we exchanged ubiquitin amino acids 21-32 which 
in the native context form an a-helix (Vijay-Kumar et al., 
1987) with OVA(325-336) which can be modelled as an 
amphipatic a-helix (Mouritsen et a/., 1991). In UbiHEL, 
HEL(50-61), which in itself does not form any known 
secondary structure, was substituted for the flexible car- 
boxyl terminal ubiquitin segment 65-76. The inserted 
epitopes were not completely hidden, since Abs against 
the inserted foreign peptides were also present in the 
immune sera raised toward UbiOVA and UbiHEL 
(Dalum et al, 1996). 

In a vaccine, an ideal immunogen should induce an 
Ab response which is neutralizing in the sense that it 
eliminates or interferes with the biological effect of the 
target molecule in an appropriate way. An advantage of 
immunogens constructed by the insertion of a Th epitope 
into the target Ag is that they induce Abs with a more 
diverse fine specificity and thus may possess a better 
neutralizing ability. By comparing the results with 
UbiOVA and UbiHEL in Fig. 3, it can be seen that 
different epitopes inserted at different locations in ubiqui- 
tin gives rise to different autoantibodies to the self 
protein. We have also analysed a larger panel of modified 
self proteins with the foreign epitope inserted at several 
different positions. Immunization with these constructs 
give rise to high titered specific Abs with completely 
different fine specificities (yet unpublished result). This 
possibility of obtaining an Ab response with an appro- 
priate fine specificity by selection of constructs with 
different insertion sites or different T cell epitopes may 
be an important advantage of this approach compared 
to classical conjugation. 

We demonstrated that the immunoglobulins induced 
by the three immunogens were predominantly of the IgG 
subclass (Fig. 4), indicating that the autoantibody induc- 
tion was obtained through a T cell dependent mechanism. 
In the case of UbiOVA we have previously shown that 
the induced immune response is T cell dependent. In 
BALB/c mice the T cell help was mediated through acti- 
vation of Th cells specific for the inserted epitope (Dalum 
et al., 1996). Here, we observed that the inserted or con- 
jugated OVA epitope in all three immunogens could be 
presented to Th cells (Fig. 5). In other words, there is 
no apparent difference between the three immunogens 
concerning the availability of T cell immunogenic epi- 
topes for Ag presentation. Thus, assuming that the 
observed T-cell responses quantitatively reflect the T-cell 
immunogenicity of the molecules, Ag presentation does 
not a priori seem to be a factor which can account for 
the observed difference in the Ab responses to the three 
immunogens. However, it does not exclude the possibility 
that the constructs are handled differently during the Ag 
processing in B cells. 



In mice, both Thl and Th2 cells are capable of pro- 
viding effective help to B cells, although Th2 cells are 
usually more potent (Abbas et al., 1996). It has been 
consistently found that Thl helper cells preferentially 
induce secretion of Abs of the IgG 2a and IgG2b isotypes 
whereas Th2 cells induce IgG 1 and IgE responses (Abbas 
et a/., 1996; Stevens et al, 1988). The ubiquitin specific 
IgG secretion observed in response to UbiOVA had a 
higher content of the IgG2b isotyperelative to the IgGl 
content than observed for the conjugated immunogens 
(Fig. 4). This suggests that using an immunogen con- 
structed by inserting a single foreign immunodominant 
Th cell epitope such as in UbiOVA a deviation toward a 
Thl dominated response can be obtained. It could there- 
fore be speculated that the method which is used to pro- 
vide linked T cell help can also affect the Thl/Th2 
balance — in analogy to other proposed influential factors 
such as administration route, dosage and choice of 
adjuvant. 

Generally, chemically linked conjugates can be tech- 
nically difficult to define structurally. This may result in 
difficulties in characterizing and optimizing the antigens, 
batch-to-batch variations, poor reproducibility of exper- 
imental results and such conjugates may therefore have 
limited practical use in vaccines. By the use of recom- 
binant immunogens produced as described in this.work, 
some of these problems would be circumvented due to 
the more well-defined nature of the recombinant modified 
self-proteins. 

In conclusion we found that insertion of a single fore- 
ign immunodominant Th epitope into a self protein in 
order to make the self Ag immunogenic have at least four 
major advantages over the traditional chemical con- 
jugation method (1) the Ag is much more well defined, 
(2) cross-reactive autoantibodies are induced more rap- 
idly and are more high-titered, (3) the induced autoan- 
tibodies have a more diverse fine specificity which can be 
varied depending both on the selected Th epitope and its 
intramolecular position, and (4) the possibility of the 
induced immune response having a different Thl/Th2 
balance than a response induced with traditional conjugates. 

Our results may have important therapeutic impli- 
cations. In the treatment of different diseases where mon- 
oclonal Abs against pathogenic self proteins are used 
(Herzog et a/., 1989; Elliott et ai, 1993), vaccination 
against such proteins could be a feasible alternative. By 
the induction of endogenous Abs, severe inherent side 
effects of e.g. monoclonal antibodies such as the induc- 
tion of allotypic or anti-idiotypic Abs (Elliott et al. y 1 994) 
could be avoided. The principle of raising antibodies 
against pathogenic self proteins may be applicable to 
many chronic diseases (e.g. cancer and chronic inflam- 
matory diseases) where an appropriate target protein can 
be identified. We are currently completing extensive stud- 
ies which demonstrate the therapeutic ability of anti- 
bodies against a proinflammatory cytokine modified 
using this approach. 
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Tumor necrosis factor-alpha (TNF-a) is critically involved in the pathogenesis of several chronic inflam- 
matory diseases. Monoclonal antibodies against TNF-a are currently used for the treatment of rheumatoid 
arthritis and Crohn's disease. This report describes a simple and effective method for active immunization 
against self TNF-a. This vaccination approach leads to a T-cell-dependent polyclonal and sustainable 
anti-TNF-a autoantibody response that declines upon discontinuation of booster injections. The autoanti- 
bodies are elicited by injecting modified recombinant TNF-a molecules containing foreign immunodomi- 
nant T-helper epitopes. In mice immunized with such molecules, the symptoms of experimental cachexia 
and type II collagen-induced arthritis are ameliorated. These results suggest that vaccination against TNF-a 
may be a useful approach for the treatment of rheumatoid arthritis and other chronic inflammatory diseases. 
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There is increasing evidence that the proinflammatory cytokine 
tumor necrosis factor-alpha (TNF-a) plays a key role in the patho- 
genesis of chronic inflammation. It has been demonstrated in several 
animal models and clinical trials that suppression of TNF-a with 
either anti-TNF-a monoclonal antibodies or with soluble chimeric 
TNF-a receptors reduces the symptoms of inflammatory disease 1 " 7 . 
However, monoclonal antibodies and engineered receptors are 
impractical to manufacture in large amounts. In addition, they are 
potentially immunogenic compounds that may elicit antibody 
responses, potentially limiting the long- term efficacy of such treat- 
ments 38 . The aim of the current study was to develop a method to 
enable the immune system of an individual to produce endogenous 
TNF-a antibodies. This was achieved by immunizing with recombi- 
nant murine mTNF-a molecules, modified to contain foreign 
immunodominant T-helper (Th) epitopes. The therapeutic effects of 
this approach are demonstrated in mouse models of experimental 
cachexia and collagen-induced arthritis (CIA) . 

Results and discussion 

Recombinant Th epitope modification of mTNF-a. A panel of five 
modified recombinant mTNF-a proteins was produced (Fig. ID). In 
each of the constructs, a different segment of mTNF-a was replaced 
with cither a Th epitope from ovalbumin OVA (325-333) 9 , which 
binds to the mouse major histocompatibility complex (MHC) class II 
molecule H-2A d ; or with an epitope from hen egg-white lysozyme 
(HEL), HEL(81-95) 10 , which binds to H-2E k . Wild-type and modi- 
fied mTNF-a proteins were expressed in Escherichia coli and puri- 
fied. The TNF-a-susceptible cell line L929 (ref. 1 1 ) was used to assess 
the biological activity of the molecules. Although concentrations of 
<20 pg/ml of recombinant wild-type mTNF-a killed the L929 cells, 
the modified TNF-a molecules were nontoxic in the entire dosage 
range tested (25-100 pg/ml) (data not shown). 

Characterization of antibodies elicited against modified mTNF-a. 
Groups of mice were immunized with each of the TNF-a molecules, 
and serum samples were tested for reactivity against nonmodificd 
mTNF-a by ELISA. Mice immunized with the modified TNF-a mol- 



ecules TNF103, TNF106, TNF116, and TNF117 rapidly developed 
high- titer anti-TNF-a antibody responses. This is shown for TNF106 
in BALB/c and C3H strains (Fig. 1A, see also Fig. 2A). The TNF105 
molecule was poorly immunogenic, but a weak antibody response was 
detected (data not shown). This demonstrates that insertion of a for- 
eign immunodominant Th epitope into mTNF-a can result in a high- 
ly immunogenic molecule. 

It is widely believed that tolerance within the B-cell population is 
maintained by clonal deletion and/or by induction of anergy in the 
population of potentially autoreactive B cells 1213 . The results shown in 
Figure 1 A, however, demonstrate the existence of a significant popula- 
tion of nonanergic autoreactive B cells, and thus support the notion 
that lack of T-cell help to these cells is an important mechanism 
responsible for B-cell tolerance. 

High-titer anti-TNF-a antibody levels were maintained by repeat- 
ing booster injections regularly (Fig. 1A). In a separate experiment in 
which higher absolute anti-mTNF-a titer values were obtained, it was 
demonstrated that the titers start to decline one month after the last 
boost, and after six months the anti-mTNF-a antibody titers have 
dropped by 80-87% (Fig. IB). Further supporting the decline of anti- 
body titers to very low levels, we have shown that similarly elicited 
antibodies against another self protein (ubiquitin) decline by 95% 
after 22 weeks if the mice are not boosted with the modified antigen 
(data not shown). The majority of the anti-TNF-a autoantibodies in 
sera from mice immunized with the modified TNF-a molecules were 
of the IgG subtype (data not shown) indicating mature T-cell-depen- 
dent immune responses. T cells specific for TNF106 as well as for the 
inserted epitopes could be elicited upon immunization of C3H mice 
with TNF1 06 protein (Fig. 1C). Together, these results further support 
the hypothesis 14 that an effective immune response can be generated 
against a biologically relevant and disease-associated self protein, 
TNF-a, by inserting a Th epitope into its sequence. 

It is conceivable that insertions of T-cell epitopes in different posi- 
tions in TNF-a (Fig. 1 D) create molecules with partly modified ter- 
tiary structures compared with the native TNF-a molecule. 
Therefore, the differently modified proteins could potentially induce 
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Figure 1. Immunization with modified mTNF-a molecules elicits 
autoantibodies cross-reactive with native mTNF-a. (A) Anti-mTNF-a 
titers in sera from groups of 20 BALB/c (V) or C3H (O) mice 
immunized with TNF106. (B) Anti-mTNF-a titers in sera from groups 
of 45 C3H mice Immunized with TNF103 (•) or TNF106 (O). The mice 
were boosted at the days indicated by arrows. The percentage drops 
in anti-mTNF-a titers in the two groups are indicated. (C) 
Proliferation of T cells from C3H mice immunized with TNF106 and 
stimulated in vitro with serial dilutions of TNF106 (O) or synthetic 
HEL(81-96) peptide (■). (D) Localization in mTNF-a of the foreign T H 
epitopes OVA(325-333) (dotted) and HEL(81-96) (hatched) in TNF103, 
TNF116, TNF117, TNF105, and TNF106. 



antibodies that are cross-reactive with different parts of the native 
TNF-a molecule. This was analyzed in several ways. First, the speci- 
ficities of the polyclonal antisera raised against the modified TNF-a 
molecules were compared. Overlapping peptides representing the 
entire mTNF-a sequence were immobilized in microliter plates, and 
the antisera were tested for their reactivity with the individual pep- 
tides 13 . Although only specificities against linear (presumably noncon- 
formational) B-cell epitopes were detected in this assay, marked quali- 
tative differences in the fine specificities were observed (Fig. 2A) , con- 
firming that the intramolecular position of the inserted T-cell epitope 
influences the specificity of the antibody response. 

Second, the ability of antibodies elicited by the modified TNF-a 
molecules to interfere with the tertiary TNF-a structure was examined 
in a biochemical assay measuring the binding of mTNF-a to the 55 
kDa TNF receptor 1 (TNFR1). Antisera raised against differently 
modified TNF-a molecules were able to inhibit the receptor-ligand 
interaction with varying potencies, and with the anti-TNF106 anti- 
serum exhibiting the strongest inhibitory activity (Fig. 2B) . By com- 
paring the results in Figures 2 A and 2B, it can be postulated that the 
mTNF-a region comprising amino acids 20-54 contains important 
neutralizing B-cell epitopes. This is in agreement with published data 
showing that amino acids within this segment of human TNF-a are 
important for the receptor interaction 1617 . 

Therapeutic effects of antibodies induced against modified 
mTNF-a. In order to establish whether the elicited anti-TNF-a anti- 
bodies were able to neutralize TNF-a in vivo, a model of experimental 
cachexia was used. Daily injections of mTNF-a into mice led to severe 
symptoms such as fever, anorexia, and in many cases, death within 1-5 
days. Surviving animals lost up to 20% of their body weight 18 . TNF1 06 



and TNF103. representing a strong and an intermediate elicitor of 
neutralizing antibodies, respectively, were chosen for these studies. 
Induction of anti-mTNF-a antibodies preceding the induction of 
experimental cachexia reduced the mortality of C3H mice from 53% 
in nonvaccinated mice to 12% in TNF103- vaccinated mice (Fig. 3A). 
In C3H mice vaccinated with TNF 1 06, the mortality was only 7% (Fig. 
3A). In BALB/c mice, the mortality rate was reduced from 87% in 
nonvaccinated mice to 14% and 38% in TNF 103- and TNF106-vacci- 
nated mice, respectively (Fig. 3C). In -addition, the weight losses were 
reduced at least three times in vaccinated mice compared with nonvac- 
cinated controls (Fig. 3B and 3D). The antibodies raised in Balb/c mice 
against TNF106 have a higher neutralizing capacity in vitro than the 
antibodies elicited by TNF 103 (Fig. 2B). However, this relationship 
does not exist with regard to inhibition of experimental cachexia in the 
same mouse strain (Fig. 3C) . This suggests that the in vivo effect of the 
anti-TNF-a antibodies in this model is to bind the administered free 
TNF-a locally before it can induce the symptoms systemically. The 
effect thus seems to be more related to the avidity of the induced anti- 
bodies rather than the ability to interfere with TNFR1 binding. 

We next examined the effects of active immunization against 
mTNF-a on the enhanced endogenous production of TNF-a in the 
murine model of rheumatoid arthritis, CIA 19 . DBA/1 mice were 
immunized four times at two week intervals with either TNF 106 or 
HEL protein as a control. Subsequently, the mice were immunized 
with bovine collagen type II (CII), and swelling of the joints com- 
menced between 18 and 32 days later. In mice vaccinated with 
TNF 106, the incidence of arthritis was reduced to 60% compared with 
90% arthritic mice in the HEL-immunized group (Fig. 4A)^hese{ 
results have therapeutic implications in regard to reduction of relapses 
in chronic inflammatory diseases. It is important to note that pretreat- 
ment with a TNF-a-specific monoclonal antibody had no significant 
effect on the arthritis incidence in this model 2 . The clinical symptoms 
of TNF106-vaccinated mice were also ameliorated as shown by signif- 
icant differences in the clinical score values from day 2 of arthritis 
onset through to day 10 (Fig. 4B). This improved clinical status is 
due to a significant reduction in both the level of paw swelling and 
the number of limbs involved (Fig. 4C and D) . In another series of 
CIA experiments, active immunization with TNF 103 also reduced 
the incidence of disease and severity of clinical symptoms, although 
to a lesser extent than immunization with TNF 106 (data not shown). 
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Figure 2. The anti-mTNF-a fine specificity and neutralizing ability of 
antisera raised by immunization with modified mTNF-a molecules. (A) 
Reactivities with overlapping 15- or 16-mer mTNF-a peptides of 
pooled sera from groups of 5-10 BALB/c mice immunized with 
TNF117, TNF106, TNF116, TNF103, or TNF105 with boosts at days 14, 
28, and 42. The approximate localizations of the foreign T H epitopes in 
the modified TNF-a molecules are indicated by *. (B) Inhibition of the 
interaction between mTNF-« and TNFR1 by antisera from mice 
immunized with TNF117 (T) t TNF106 (O), TNF116 (D), TNF103 ( ), or 
TNF105 (■). Preimmune sera (O) and sera from BALB/c mice 
immunized with PBS in adjuvant (V) were included as negative 
controls and a polyclonal rabbit anti-mTNF-a antiserum (♦) as a 
positive control. 
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Figure 3. Immunization with modified mTNF-a molecules reduces 
experimental cachexia in mice. Survival rates (A and C) as well as the 
body weights of surviving mice (B and D) in groups of 14-30 C3H or 
BALB/c mice immunized with TNF103 (#), TNF106 (O), or PBS (A) 
and two weeks after the last immunization injected intraperitoneally 
daily with biologically active mTNF-a. A group of control mice (▲) 
from each immunization group received PBS intraperitoneally. Error 
bars represent one standard error of mean. Time intervals with 
statistically significant differences between vaccinated and control 
mice are indicated by horizontal arrows (p values ranged between 
<0.018and<0.001). 



too A 

1- J* 




2 4 a e 10 
Days after arthritis onset 



2 4 « • tt> 

Days after arthritis onset 



Figure 4. Immunization with mTNF-a ameliorates the symptoms of 
CIA. Groups of 29 DBA/1 mice immunized with TNF106 (O) or HEL 
(O) were intradermalty immunized with bovine Cll one week after 
the last TNF106/HEL immunization. The clinical parameters 
measured were (A) time of disease onset; (B) clinical score; (C) 
swelling of the first affected hind limb; (D) the number of arthritic 
limbs. (B-D) Values are expressed as mean ± one standard error of ^"' '^ 
mean. p < 0.05, *: p < 0.02, **: p < 0.01 . ***: p < 0.005, #: p *< 0.002, * 
p < 0.0005. 



In the experiments illustrated in Figure 4, the level of reduction 
of disease symptoms obtained by active immunization against 
mTNF-a is comparable to that obtained in a previously published 
study using anti-mTNF-a monoclonal antibodies therapeutically in 
the same experimental model 2 . 

A potential and important concern with vaccination against self 
proteins is that injection of modified self proteins might induce a per- 
manent autoimmune condition. However, we showed that the 
anti-TNF-a titers in TNF-a-immune mice declined by 80-87% after 
termination of the immunizations (Fig. IB). Whether the residual 
anti-TNF-a antibodies can still suppress TNF-a remains to be estab- 
lished. The general body weights and mortality rates of TNF- 
a-immune mice were observed over a period of three months, and no 
statistically significant differences were found when compared with 
normal mice (data not shown). No antibody reactivity was detected 
against the self peptides representing the mTNF-a regions that were 
replaced with foreign T H epitopes (Fig. 2A). Such reactivity could have 
been elicited if an autoimmune condition driven by endogenously 
produced TNF-a had occurred (e.g., by epitope spreading 20 ). It has 
been reported that 6% of rheumatoid arthritis patients treated with an 
anti-TNF-a monoclonal antibody developed treatment -related IgM 
autoantibodies against double-stranded DNA 8 , a common sign of 
autoimmune disease. In contrast, antibodies against double-stranded 
DNA could not be detected in sera from 15 mice actively immunized 
with modified mTNF-a (data not shown). 

Although TNF-a is a mediator of inflammatory disease, it also 
plays a role in the defense against certain microorganisms. For exam- 
ple, enhanced susceptibility to injected Listeria monocytogenes was 
observed in knockout mice deficient in TNF-a or TNF-a recep- 
tors 21-23 . However, rheumatoid arthritis patients treated with mono- 
clonal anti-TNF-a antibodies do not exhibit increased incidence of 
infections compared with control patients 5 . 

The Th epitopes inserted into mTNF-a each bind to a known 
mouse MHC class 11 allelic type 910 . Indeed, it was shown in one 



experiment that a Th response specific for the inserted HEL epitope 
is induced in C3H mice upon immunization with TNF106 (Fig. 1C). 
However, it is interesting to note that the modified TNF-a molecules 
are also immunogenic in inbred strains with nonmatching MHC 
haplotypes (Fig. 1A and B). This is likely to be due to T cells raised 
against novel epitopes consisting of inserted foreign epitope 
sequence and flanking self protein sequence. In a model study, at 
least two different Th cell specificities (against the inserted epitope as 
well as against a novel flanking epitope) were found to operate dur- 
ing the antibody response toward a self protein modified to contain a 
foreign T H epitope 14 . This observation, combined with the use of 
promiscuous T H epitopes 24 , raises the possibility of using such vac- 
cines in outbred populations such as in humans. 

We have provided a novel approach for generating long-term anti- 
body responses against disease-related self proteins such as TNF-a in 
arthritis. Although anti-TNF-a monoclonal antibodies have proved 
to be safe and highly effective in these diseases, the treatment is 
impractical because of the frequent injections and the large quantities 
of protein required. In this study, we have raised polyclonal antibodies 
against TNF-a by active immunization with modified TNF-a proteins 
and shown that this is effective in reducing experimental cachexia as 
well as the severity and incidence of CIA. Vaccination with modified 
TNF-a molecules could either be used independently or in combina- 
tion with monoclonal antibody therapy to prevent future relapses of 
the disease. The principle of raising antibodies that are cross-reactive 
with pathogenic self proteins could also be applied to other diseases, 
such as cancer, allergy, osteoporosis, and atherosclerosis, using the 
appropriate autologous target proteins. 

Experimental protocol 

Production of modified recombinant mTNF-a molecules. Modifications of 
the mTNF-a gent- were made by introducing oligonucleotides encoding the Th 
epitopes into the DNA sequence using standard PCR mutagenesis procedures. 
In TNF103. amino acids 24-34 of rnTNF-a were replaced with the ovalbumin 
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sequence QAVHAAHAET; in TNFH6. mTNF-a amino acids 49-59 were 
replaced with the ovalbumin sequence VHAAHAEIN: and in TNFI17, 
mTNF-a amino acids 148-157 were replaced with the ovalbumin sequence 
QAVHAAHAEl. In TNF105 and TNF106 mTNF-a amino acids 4-19 and 
124-138. respectively, were replaced with HEL sequence SALLSSDITASVN- 
CA. In order to minimize the disruption in the overall structures of the mod- 
ified molecules. mTNF-a sequences with relatively high homology in the pri- 
mary and predicted secondary structures to the Th epitopes were exchanged. 
Wild- type and modified TNF-a molecules were expressed from E. coli and 
purified from solubilized inclusion bodies by ion exchange chromatography 
to a purity of at least 80% for the modified TNF-a proteins and >95% for 
wild- type mTNF-a used in ELISA assays. 

Immunizations with modified mTNF-a and an ti -mTNF-a titer determi- 
nations. C3H/Hen (H-2 1 ) and BALB/c mice were obtained from M&B 
(Ry, Denmark), and DBA/1 (H-2*') were purchased from Harlan (Bicester, 
UK). Immunizations with modified mTNF-a were performed by subcuta- 
neous injections of 100 ug antigen in phosphate- buffered saline (PBS), emul- 
sified 1:1 in Complete Freunds Adjuvant (CFA; Sigma, St. Louis, MO). 
Control mice received PBS in CFA. Booster injections were performed simi- 
larly using Incomplete Freunds Adjuvant (Sigma). Serum samples were 
obtained regularly and analyzed in ELISA for reactivity with highly purified 
recombinant nonmodified mTNF-a (0. 1 pg/well) immobilized on MaxiSorp 
(Nunc. Roskilde. Denmark) microti ter plates. The ability of mouse antisera 
to react with mTNF-a was recorded by absorbance at 492 nm using horse- 
radish peroxidase- la be led rabbit ami- mouse Ig (DAKO, Glostrup. Denmark) 
as secondary antibody as described 14 . The anti-mTNF-a titer is the dilution 
obtained when correlating the QD& value of a sample to' a standard curve 
(included on each plate) of a high-titer anti-rhTNF-a antiserum. 

T-cell proliferative assay. C3H/Hen mice were immunized subcutaneous- 
ry in the hind footpads and at the tail base with 200 pi of a 1:1 emulsion of 
CFA and 50 ug of TNF106 dissolved in PBS. After 10 days, draining lymph 
nodes were removed, single-cell suspensions prepared, and serial dilutions of 
antigen mixed with 2 x 10 5 cells/well in microtiter plates (Nunc) in total vol- 
umes of 200 pl/well of complete RPMI 1640 (Life Technologies, Rockville, 
MD) containing 1% fresh syngeneic mouse serum. After an 18 h pulse with I 
uO of [ 3 H]thymidine (Amersham, Arlington Heights, IL) per well at the end 
of a four-day incubation period, the proliferative response was measured on 
harvested cells in a scintillation counter (Packard Instruments, Meriden. 
CT). Data were presented as T-cell proliferation indices calculated as the 
[ 3 H] thymidine incorporation of cells cultured with antigen relative to the 
[ 3 H] thymidine incorporation of cells cultured with PBS. 

Fine specificity of ami- mTNF-a antisera. Overlapping 15- or 1 6- mer pep- 
tides corresponding to native mTNF-a sequences were synthesized, purified 
by reverse- phase HPLC, and sequenced as described". Peptides were cova- 
lently attached to AquaBind microtiter plates (M&E Biotech, Horsholm, 
Denmark), and serial dilutions of pooled antisera were added as described 15 . 
The reactivities of the antisera were detected as above and compared at 1 :200 
serum dilution. 

Neutralizing ability of anti-mTNF-a antisera. Dilutions of antisera were 
added to MaxiSorp microtiter plates (Nunc) coated with 50 ng/well human 
TNFR1 (R&D Systems, Minneapolis, MN). Biotinylated mTNF-a was added 
(16 ng/well). and bound mTNF-a was subsequently detected by absorbance 
at 492 nm using streptavidin-peroxidase (DAKO). 

Experimental cachexia. C3H/Hen or BALB/c mice were immunized with 
modified mTNF-a as described already. Two weeks after the last immuniza- 
tion, an appropriate dose (10-40 ug) of biologically active mTNF-a was 
injected intraperitonealiy daily in all mice except control mice, which 
received PBS administered intraperitonealiy. The survival rates and the body 
weights of surviving mice were determined. The experiments were repeated 
nine times with similar results. Statistical analyses of the differences between 
vaccinated and control mice were performed using Mann- Whitney's rank 
sum test (survival rates) or Fisher's exact test (relative body weights). 

Collagen -induced arthritis. Five-week-old male DBA/1 mice (CIA-sus- 
ceptible mouse strain. H-2*') were immunized as described already with 
TNF106 or HEL with three subsequent booster injections at days 14, 28, and 
42. At 12 weeks of age. the mice were immunized intradermally at the base of 
the tail with 200 ug CII prepared as described 25 and emulsified 1:1 in CFA. 
From day 15 after CII immunization, the mice were examined daily for onset 
of CIA using i wo clinical parameters: paw swelling and clinical score 2 . Paw 
swelling was assessed by measuring the thickness of the affected hind paws 
with 0-10 mm calipers (Kroeplin. Schluchtern. Germany). Values for the 
clinical score were assigned as follows: 0 = normal: 1 = slight swelling and 



erythema: 2 = pronounced edema: and 3 = joint rigidity. Each limb was grad- 
ed, resulting in a maximal clinical score of 12 per animal. The arthritis was 
monitored over 10 days, after which the mice were killed. Nonarthritic mice 
were graded as clinical score = 0: number of affected limbs = 0: and paw 
thickness =1.8 mm. The t-test was used to compare the onset of arthritis 
between treatment groups. The Mann- Whitney test to compare non para- 
metric data for statistical significance was applied the other clinical data. 
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Active Vaccination Against IL-5 Bypasses Immunological 
Tolerance and Ameliorates Experimental Asthma 1 



Marc Hertz, 2 * Surendran Mahalingam, 2t Iben Dalum, 2 * Steen Klysner,* Joerg Mattes,* 
Anne Neisig,* Soren Mouritsen,* Paul S. Foster, 3 * and Anand Gautam 3 * ~ 

Current therapeutic approaches to asthma have had limited impact on the clinical management and resolution of this disorder. 
By using a novel vaccine strategy targeting the inflammatory cytokine IL-5, we have ameliorated hallmark features of asthma in 
mouse models. Delivery of a DNA vaccine encoding murine IL-5 modified to contain a promiscuous foreign Th epitope bypasses 
B cell tolerance to IL-5 and induces neutralizing polyclonal anti-IL-5 Abs. Active vaccination against IL-5 reduces airways 
inflammation and prevents the development of eosinophilic, both hallmark features of asthma in animal models and humans. The 
reduced numbers of inflammatory T cells and eosinophils in the lung also result in a marked reduction of Th2 cytokine levels. 
Th-modified IL-5 DNA vaccination reduces the expression of IL-5 and 1L-4 by —50% in the airways of allergen-challenged mice. 
Most importantly, Th-modified IL-5 DNA vaccination restores normal bronchial hyperresponsiveness to /3-methacholine. Active 
vaccination against IL-5 reduces key pathological events associated with asthma, such as Th2 cytokine production, airways 
inflammation, and hyperresponsiveness, and thus represents a novel therapeutic approach for the treatment of asthma and other 
allergic conditions. The Journal of Immunology, 2001, 167: 3792-33799. 



Interleukin-5 is a proinflammatory cytokine expressed at high 
levels in asthmatics. Asthma is clinically characterized by 
episodic airflow obstruction, inflammation of the airways, 
and enhanced bronchial reactivity to nonspecific spasmogens. The 
levels of airways obstruction and hyperreactivity (AHR) 4 often 
correlate with the degree of airways inflammation, and these clin- 
ical features are indicative of asthma severity (1-7). Clinical cor- 
relates between the degree of cellular infiltration and disease pro- 
gression have identified inflammation of the airways as the major 
contributing factor to pathogenesis and pathobiology. The inflam- 
matory infiltrate in asthma is complex; however, it is now widely 
recognized that CD4"* Th lymphocytes with a Th2 profile (Th2 
cells) of cytokine expression play a pivotal role in the clinical 
expression and pathogenesis of this disorder (8. 9). Th2 cells reg- 
ulate disease progression and AHR by orchestrating allergic in- 
flammation of the airways through the release of a range of cyto- 
kines (IL-4, -5, -9, -10, -13) (10-13). Like Th2 cells, the levels of 
eosinophils and their inflammatory products in the lung correlate 
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with disease severity, and accumulation of this leukocyte in the 
airways is a central feature of bronchial dysfunction during the 
late-phase asthmatic response (14). Although Th2 cells orchestrate 
many facets of the allergic response, their rple* in; regulating -j^&gg^g^^ 
sinophilia through the secretion of IL-5 is thought to be a" major ' r \ < "\? 
proinflammatory pathway in asthma. 

The central role of IL-5 in regulating eosinophil function (dif- 
ferentiation, expansion, mobilization, and activation) has identified 
this cytokine as a primary target for therapeutic intervention in 
asthma. Indeed, the importance of IL-5 in regulating eosinophilia 
and potentially asthma pathogenesis has been demonstrated in ex- 
perimental systems that have used animal models of asthma in 
conjunction with IL-5-deficient mice and inhibitory mAbs (15— 
17). These studies have highlighted the need to develop advanced 
methodologies that target IL-5 function for the resolution of both 
inflammation and AHR in asthma. 

The aim of the current investigation was to induce a therapeutic 
immune response directed against self-IL-5. Although anti-IL-5 
mAbs are being used in clinical trials in Ag challenge studies, this 
cytokine has never been used as a target for active vaccination. 
Here we describe a novel therapeutic DNA vaccine approach for 
the treatment of allergy and asthma. Our strategy was to use active 
DNA vaccination against IL-5 to elicit polyclonal Abs that would 
neutralize IL-5 produced during recall responses to inhaled aller- 
gen and ameliorate disease. This therapeutic approach has the po- 
tential advantage not only of providing protection during asthma 
exacerbation, but also as a longitudinal anti-inflammatory therapy. 
We have shown previously that by incorporating a strong Th cell 
epitope within a self-protein, immunological tolerance against self- 
proteins can be bypassed (18-20). In the current investigation, we 
extended these studies by using a DNA vaccine encoding murine 
IL-5 modified to contain a promiscuous foreign Th epitope to 
break or bypass immunological tolerance to IL-5. In mice, Th- 
modified IL-5 DNA vaccination induced an immune response di- 
rected against native IL-5. Moreover, in our established models of 
experimental asthma, Th-modified IL-5-vaccinated mice induced 
an immune response directed against IL-5 that reduced both 
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pulmonary lymphocyte infiltration and cosinophilia, reduced the 
levels of Th2 cytokines, and inhibited the development of AHR. 
These data substantiate active DNA vaccination against IL-5 as a 
novel therapeutic approach for the treatment of asthma and poten- 
tially other allergic diseases. In addition, our vaccine approach is 
a platform technology that can be applied to most self-proteins that 
are aberrantly or overexpressed during chronic disease. 

Materials and Methods 

Mice 

Male C3H/Hen (H-2 k ) or C3H/HeJ (H-2 k ) mice (6-8 wk old) were ob- 
tained from M&B A/S (Ry, Denmark).or the specific-pathogen free facility 
at the John Curtin School of Medical Research, Australian National Uni- 
versity. Experiments were performed according to the Danish Animal Ex- 
periments Inspectorate and John Curtin School of Medical Research insti- 
tutional guidelines for animal care and use. 

Modified IL-5 plasmid construction and DNA preparation 

Murine IL-5 cDNA (R&D Systems. Minneapolis, MN) was cloned into 
pcDNA3.1 (Invitrogen, Carlsbad. CA) mammalian expression vector con- 
taining the mIL-5 signal peptide and a consensus Kozak sequence (21). The 
P30 tetanus toxoid (22) helper epitope (FNNFTVSFWLRVPKVSASHLE) 
was inserted into the first loop region of mIL-5, replacing aa R30 to L41. 
using sequence overlap extension PCR (sense primer, CTTCTGGCT 
GCGCGTGCCCAAGGTGAGCGCCACCCACCTGGAGTGCATTGGA 
GAGATCTTTCAGGGGC; antisense primer, GCGCTCACCTTGGGCA 
CGCGCAGCCAGAAGCTCAC^TGAAGTTGTTGAACATCGTCTCA 
TTGCTTGTCAACAG AGC) and standard molecular biology techniques. 
•Plasmid DNA was prepared using endotoxin-free purification kits (Qiagen, 
Valencia, CA) and was resuspended in sterile 0.9% saline. 

DNA vaccination 

Mice were anesthetized, and the lower back of each animal was shaved. 
Vaccination with mIL-5.wt (encodes the wild-type mouse IL-5 cDNA) or 
m IL-5 .2 (encodes the mIL-5.2 Th-modified construct) was then performed 
by intradermal injections of 100 /jl! of DNA solution (1 jig//il) into each 
mouse divided into two injections over the lower back. DNA injections 
were performed six or seven times at 2-wk intervals. At the end of the sixth 
vaccination, mice were sensitized to OVA to prime for subsequent induc- 
tion of allergic airway inflammation (described below). Vaccinations were 
continued (one injection of DNA every 2 wk) during the period of induc- 
tion of allergic disease of the lung. 

EL1SA 

Anti-mIL-5 titers in sera were determined by direct ELISA. Briefly, pooled 
sera from vaccinated mice were titrated into 96-well flat-bottom plates 
(Maxisorp; Nunc, Taastrup, Denmark) precoated with mIL-5 (100 ng/well; 
R&D Systems). Sera were detected with goat an ti -mouse- HRP polyclonal 
Ab (DAKO, Glostrup, Denmark). Competition E LIS As were performed by 
adding diluted antisera preincubated with mIL-5 for 1 h to 96-well plates 
coated with anti-mIL-5 mAb (TRFK5.1 jig/well; R&D Systems). Inhibi- 
tion by the antisera was detected by adding biotinylated TRFK4 (R&D 
Systems) and streptavidin-HRP (Amersham, Horsholm, Denmark). Serum 
OVA-specific IgE was detected by isotype-specific ELISA using rat anti- 
mouse IgE mAb, clone LO-ME-3 (BioSource International. Camarillo, 
CA). OVA-specific IgE was quantitated against standard mouse IgE. 

Induction of allergic airway inflammation 

Intranasal model Mice were sensitized by s.c. injection of 50 fig of OVA 
in 0.9% sterile saline mixed 1/1 (v/v) with Adju-Phos (Superfos Biosector, 
Vedbaek, Denmark) weekly over 3 wk. Four days after the last sensitiza- 
tion the mice were challenged intranasally with 12.5 /xg of OVA in 0.9% 
sterile saline once a day, every other day, for a total of three challenges. 
Bronchoaveolar lavage fluid (BALF) was collected I day following the last 
challenge. 

Aeroallergen models: sensitization regimen. Mice were sensitized by i.p. 
injection with 50 /xg of OVA/1 mg of Alhydrogcl (CSL. Parkville, Aus- 
tralia) in 0.9% sterile saline. Nonsensitizcd mice received 1 mg of Alhy- 
drogel in 0.9% saline. On days 12. 14, 16, and 18, all groups of mice were 
aeroallergen challenged with OVA as previously described (15, 23). Blood 
was collected on days 13. 15. 1 7, and 19. Twenty-four hours after the last 
aeroallergen challenge AHR was measured, and then BALF and lung tissue 
were collected for analysis of inflammatory infiltrates. 



Generation and transfer ofTh2 cells and induction of allergic 
disease of the lung 

T cell donor mice (male C3H/Hej. 6-8 wk of age) were sensitized by i.p. 
injection of 50 tig of OVA/ 1 mg of Alhydrogel in 0.9% sterile saline to 
prime for CD4 + Th2-like cells. Six days following sensitization donor 
mice were sacrificed, and their spleens were excised. Splenocytes were 
then disaggregated, contaminating RBC were lysed. and subsequently 
washed splenocytes were resuspended at 5 X J0 ft cells/ml in RPM1 1640 
culture medium. These cells were then cultured for 4 days at 37°C in the 
presence of 200 /xg/ml OVA.. 20 ng/ml murine IL-4, and 40 pg/ml anti- 
IFN-y (R46A2). CD4 + T cells were isolated from cultures using high 
gradient magnetic MiniMACS separatioTT column (MACS separation) as 
described previously (23), washed, and resuspended in PBS. CD4 + T cells 
(2 X 10 6 cells) were adoptively transferred to DNA -vaccinated or un vac- 
cina ted naive C3H/Hej mice or were stimulated in vitro with mitomycin- 
treated APCs in the presence of OVA to determine Th2 cytokine profiles. 
Twelve and 36 h later, recipients were exposed to an aerosol of OVA (10 
mg/ml) in 0.9% saline twice for 30 min each time (30-min interval between 
exposures). AHR to 0-methacholine was determined, and blood, BALF, 
and lung tissue were collected for the analysis of inflammatory infiltrates 
24 h after the last aerosol. 

Characterization of lung morphology and leukocytes in blood, 
tissue, and BALF 

Lung tissue representing the central (bronchi-bronchiole) and peripheral 
(alveoli) airways was fixed in 10% phosphate-buffered Formalin, sec- 
tioned, and stained with Alcian -blue-periodic acid -Sc hi AT for the enumer- 
ation of mucin-secreting cells or Carbol's chromotrope-hematoxylin for the 
identification of eosinophils. Eosinophils in blood, BALF, and lung were 
identified by morphological criteria and quantified as previously described 
(15, 23). 

Measurement of AHR . x * .v -\-'^ri .v; 

Responsiveness to /3-methacholine was assessed in conscious unrestrained 
mice by barometric plethysmography using apparatus and software sup- 
plied by Buxco (Troy, NY). This system yields a dimensionless parameter 
known as enhanced pause (Penh), reflecting changes in waveform of the 
pressure signal from the plethysmography chamber combined with a tim- 
ing comparison of early and late expirations. Measurement of Penh was 
performed essentially as previously described (24, 25). Briefly, mice were 
placed in the plethysmograph chamber and exposed to an aerosol of water 
(baseline readings) and then to cumulative concentrations of 0-methacho- 
line ranging from 3 to 50 mg/ml. The aerosol was generated by an ultra- 
sonic nebulizer and drawn through the chamber for 2 min. The inlet was 
then closed, and Penh readings were taken for 3 min and averaged. Values 
were reported as the percent increase over baseline. 

Measurement of cytokine production by peribronchial lymph 
nodes 

Cells from the peribronchial lymph nodes were isolated and stimulated 
with 1 mg/ml OVA in MLC medium for 72 h as described previously (25). 
The concentrations of IL-4, IL-5, and IL-13 in the cell-free supematants 
were measured with ELISA (25). The sensitivity of detection was 0.5 
ng/ml for IL-5 and IL-13 and 0.1 ng/ml for IL-4. 

RT-PCR analysis 

Total RNA was isolated from lungs by standard methods with RNAzol B 
(Biotecx Laboratories, Houston, TX). A RT-PCR procedure was performed 
as previously described (26) to determine relative quantities of mRNA for 
various cytokines. The primers and probes for all genes were purchased 
from Life Technologies (Gaithersburg, MD). Primer and probe sequences 
for hypoxanthine-guanine phosphoribosyl transferase (HPRT) have been 
described previously (26). Primer and probe sequences for IL-4. IL-5, IL- 
10, IL-13, IFN-y, and HPRT are as follows: IL-4: sense. GAATGT 
ACCAGGAGCCATATC; antisense. CTCAGTACTACGAGTAATCCA; 
probe. AGGGCTTCCAAGGTGCTTCGCA; IL-5: sense. GACAAGCA 
ATGAGACACGATGAGG; antisense. GAACTCTGCAGGTAATCCA 
GG; probe, GGGGGTACTGTGGAAATGCTTAT: IL-10: sense, CGG 
GAAGACAATAACTC; antisense. CATTTCCGATAAGGCTTOG; 
probe, GGACTGCCTTCAGCCAGGTGAAGACTTT; IL-13: sense. CTC 
CCTCTGACCCTTAAGCAG; antisense, GAAGGGGCCGTGGCGA 
AACAG: probe. TCCAATTGCAATGCCATCTAC; and IFN-r sense. 
AACGCTACACACTGCATCTTGC; antisense, GACTTCAAAGAGTCT 
GAGG: probe, GGAGGAACTGGCAAAAGGA. The cycle numbers used 
for amplification of each gene product are: 1L-I0, 27 cycles; IL-13 and 
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Sig. seq. 



Helix 



IjOOp 



Cys 



P30 



mILS.wt 



mlL5.2 




FIGURE I. Murine Th-modified IL-5 DNA construct design. Murine 
IL-5 cDNA was cloned into pcDNA3.1 mammalian expression vector (In- 
vitrogen, San Diego, CA) containing the mIL-5 signal peptide. In mIL-5.2. 
the P30 promiscuous Th epitope (22) was inserted into the first loop region 
of IL-5. 



IFN-y, 30 cycles; IL-4 and IL-5, 28 cycles; and HPRT. 23 cycles. After the 
appropriate number of PCR cycles, the amplified DNA was analyzed by gel 
electrophoresis and Southern blotting and was detected using the ECL 
detection system as recommended by the manufacturer (Amersham, Ar- 
lington Heights. IL). PCR amplification with the HPRT reference gene was 
performed to assess variations in cDNA or total RNA loading between 
samples. Mean relative transcript levels per group were determined from 
cDNA panels as previously described (27). Briefly, values were derived by 
dividing the mean of the triplicate values measured for the transcript of 
interest by the mean of triplicate HPRT values for the sample. 

Statistical analysis 

The significance of differences between experimental groups was analyzed, 
using Student's unpaired / test. Values were reported as the mean ± SEM- 
Differences in means were considered significant at p < 0.05. 



Results 

Murine Th-modified IL-5 DNA vaccines can bypass B cell 
tolerance 

A DNA vaccine encoding murine IL-5 modified to contain a pro- 
miscuous foreign Th epitope, P30 from the tetanus toxoid (22) 
(Th-modified m IL-5. 2), was designed and tested for its ability to 
induce a polyclonal Ab response that was cross-reactive with non- 
modified murine IL-5 (mIL-5.wt; see Fig. I). Before vaccination, 
the constructs were tested in COS cell transient transfections to 
ensure that the encoded proteins were appropriately expressed. The 



nonmodified wild-type murine IL-5 (mlL-5.wt) and the murine 
Th-modified IL-5 (mIL-5.2) constructs were both capable of being 
transiently expressed, as detected by Western blotting (data not 
shown). 

The Th-modified IL-5 construct capable of expressing protein in 
COS cell transient transfection was further tested for immunoge- 
nicity by DNA vaccinations in mice. C3H mice were initially im- 
munized intradermally with 100 /xg of DNA in 0.9% saline and 
subsequently boosted (100 /xg) six times at 2-wk intervals. Al- 
though the mIL-5.wt construct was unable to induce an anti-mIL-5 
humoral immune response (0 of 40 mice tested), the mIL-5.2 Th- 
modified construct bypassed B cell immune tolerance and induced 
polyclonal Abs that were cross-reactive with native murine IL-5 
(30 of 30 mice tested; Fig. 1A). Anti-mIL-5 (and anti-P30) Abs 
could be detected after the third immunization, and 100% of the 
mice had seroconverted after the fourth mlL-5.2 DNA immuniza- 
tion (data not shown). Antisera from mice vaccinated with mIL-5.2 
DNA were tested for its ability to compete for the binding of native 
murine IL-5 by using a competition EL1SA (Fig. 2B). Antisera 
from vaccinated mice were preincubated with mIL-5 and were 
capable of competing with an anti-mIL-5 mAb (TRFK4) for the 
binding of mIL-5 protein. Thus, polyclonal Abs from mlL-5.2- 
vaccinated mice efficiently blocked the interaction of neutralizing 
anti-murine IL-5 mAbs TRFK4/TRFK5 with the native ligand. . 
Together these data suggest that the polyclonal Abs induced via 
mIL-5.2 DNA vaccination recognize native murine IL-5. 

Eosinophilia and pulmonary lymphocyte infiammationarej^^i:^ ..-r^Si. 
inhibited in mice vaccinated with Th-modified IL-5 DNA 

The mlL-5.2 DNA vaccine was further characterized in three sep- 
arate mouse models of allergic airways inflammation that mimic 
key pathological events characteristic of asthma (15, 28). The first 
model was a simple intranasal OVA-allergen model (intranasal 
model) that induces eosinophilia in the lungs of mice. This model 
allowed us to rapidly assess and validate the concept that Th-mod- 
ified mlL-5.2 DNA vaccination could induce Abs that cross-react 
with native mIL-5 and reduce eosinophilia in the BALF of a large 
number of allergic mice. An OVA aeroallergen sensitization model 




S rum Dilution Serum Dilution 

FIGURE 2. Th-modilied IL-5 DNA vaccination induces polyclonal Abs that cross-react with native mIL-5. A, Anti-mlL-5 serum ELISA with pooled 
sera from mice vaccinated and boosted five times with 100 /xg of endotoxin- free mlL-5.wi (▲) or mIL-5.2 Th-modified ( ) DNA in 0.9% sterile saline. 
Abs that cross-react with native murine IL-5 can be detected after the third DNA vaccination, and by the fourth DNA vaccination 100% of the mice have 
seroconvened. /?, Competition ELISA of TRFK4/5 (R&D Systems) anti-mIL-5 mAbs and pooled sera from mlL-5.wt (▲) and mIL-5.2 (•) DNA vaccinated 
mice preincubated with mIL-5. 
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FIGURE 3. BALF eosinophilia is reduced in Th-modified lL-5 DNA 
vaccinated mice. A, OVA intranasal regimen; B, sensitization regimen; C 
T cell transfer/OVA aerosol regimen. The frequency (A; mean ± SEM of 
19 (mIL-5.wt) or 30 (mIL-5.2) mice) and total number (B and C; mean ± 
SEM of six mice) of eosinophils recovered from BALF of the airway lumen 
was determined 24 h after the last aeroallergen challenge. *,/> < 0.000001 (A), 
p < 0.05 (B), and p < 0.005 (Q for OVA-sensitized ml L-5.wt- vaccinated 
mice compared with OVA-scnsitizcd mlL-5.2-vaccinated mice. 

(OVA sensitization model) was then later used to look at the AHR 
response in vaccinated mice. Thirdly,, an adoptive transfer model 
(transfer model) of allergen-specific Th2 CD4 + T cells was used to 
address the ability of the vaccines to reduce disease symptoms in 
a model in which sensitization to the aeroallergen was performed 
in an environment free of the cftccLs of the anti-mlL-5 immune 
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response. The number and frequency of eosinophils in BALF. 
blood, and lung tissue were assessed in all three models of OVA- 
induced allergic airways inflammation. In the intranasal model, 
mice were vaccinated six times with DNA and sensitized to OVA 
s.c. four times at weekly intervals. One week after the last sensi- 
tization, the mice were challenged with OVA intranasally three 
times over a 6-day period. One day later, BALF was collected for 
eosinophil counts. As shown in Fig. 3A, eosinophilia in BALF was 
dramatically reduced in mice vaccinated with Th-modified mlL- 
5.2 (n — 30 mice) compared with mIL-5.wt (n = 19 mice). Next, 
the effect of mIL-5.2 DNA vaccination on eosinophilia and the 
subsequent induction of AHR was determined in the OVA sensi- 
tization and transfer models of experimental asthma that employed 
OVA sensitization or adoptive transfer of Ag-specific CD4 + T 
cells (that secrete Th2 cytokines such as IL-5 and IL-4) to naive 
mice before allergen provocation of the lung. In the CD4 + T cell 
adoptive transfer model, the Th2 T cells are sensitized to allergen 
(OVA) in an environment free of neutralizing mlL-5 Abs, thus 
ruling out a failure to induce the model due to the vaccinations. 
Eosinophil recruitment into the BALF was inhibited in both 
aeroallergen models in response to inhaled allergen after mlL-5.2 
DNA vaccination (Fig. 3, B and C, and Table I). Notably, blood 
eosinophilia was completely attenuated after mIL-5.2 DNA vac- 
cination (Fig. 4, A and B). Moreover, active DNA vaccination with 
mIL-5.2 in the transfer model ameliorated tissue eosinophilia in 
the lungs of all mice (Fig. 4Q. The inability of mIL-5.2 DNA- 
vaccinated mice to mount blood eosinophilia directly correlated 
with the inability of the bone . marrow, pool of eosmophils ,to ex-- 
pand in response to allergen provocation of the lung (results not * 
shown). Lymphocyte numbers recruited to the lungs in the OVA 
sensitization model were also reduced in mIL-5.2 DNA-vaccinated 
mice. On day 19 after aerosol challenge, there were significantly 
reduced lymphocyte numbers in the BALF of mlL-5.2 DNA-vac- 
cinated mice compared with wild-type mIL-5 DNA-vaccinated or 
nonvaccinated controls (Table 1). Thus, neutralizing IL-5 via DNA 
vaccination effectively inhibits the recruitment of inflammatory 
cells to the sites of allergic inflammation by acting systemically. 

Th-modified IL-5 DNA vaccination restores normal airways 
reactivity in OVA-sensitized mice 

To determine the ability of m IL-5. 2 DNA vaccination to reduce 
AHR to cholinergic stimuli, lung reactivity to j3-methacholine was 
measured in the OVA sensitization and T cell transfer models 24 h 
after the last aeroallergen challenge (Fig. 5). Mice vaccinated 



Table I. Reduced numbers of inflammatory T cells and eosinophils in 
the BALF of allergen-challenged mice after Th-modified IL-5 DNA 

vaccination 





Day 19 BALF" 


T lymphocytes 
(cells/ml X 10 3 ) 


Eosinophils 
(cells/ml X 10 3 ) 


Saline 


19 ± 12* 


15 ±6 


OVA 


221 ±43 


189 ±27 


OVA/mlL5.wt 


230 ± 37 


201 ± 35 


OVA/mIL5.2 


110 ± 26* 


63 ± 19** 



" BALF was collected on day 19, one day after the final OVA-acroallcrgcn chal- 
lenge as described in Materials and Methods, and infiltrating cells were identified 
morphologically. 

Mean cell numbers arc shown (±SEM). 

\ T lymphocytes p < 0.005 and **. eosinophils p < 0.05 for OVA-sensitized 
m!L5.2-vaccinatcd mice when compared to OVA-scnsitizcd mIL-5.\vt-vaccinatcd 
mice. 
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FIGURE 4. Blood and lung tissue eosinophilia are reduced in Th-mod- 
ificd IL-5 DN A -vaccinated mice. A. The percentages of eosinophils in the 
peripheral blood on various days using the sensitization regimen, fi, The 
percentages of eosinophils in the peripheral blood 24 h after the last aeroal- 
lcrgcn challenge in the T cell iransfcr/OVA aerosol regimen. C, The mean 
number of lung peribronchial/perivascular eosinophils per 10 similar high- 
powered fields (HPF; X 1000 magnification) for each group 24 h after the 
last acroallcrgen challenge in the Th2 cells iransfcr/OVA aerosol regimen. 
*,/> < 0.005 for OVA-sensitized mlL-5.wt vaccinated mice compared with 
OVA -sensitized mIL-5.2-vaccinated mice (mean £ SHM of six mice). 
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FIGURE 5. Reduced AHR to cholinergic stimuli in Th-modified IL-5 
DNA-vaccinated mice. A, Sensitization regimen; B, CD4 T T cell transfer/ 
OVA aerosol regimen. Reactivity to 0-methacholine was measured by 
barometric plethysmography, and the data (mean of seven mice ± SEM) 
represent the percent increase in Penh over baseline reactivity in the ab- 
sence of cholinergic stimuli. Heightened reactivity was seen at all concen- 
trations of methacholine by OVA-sensitized mIL-5.wt-vaccinated mice 
compared with that in OVA-sensitized mIL-5.2-vaccinated mice (*, p < 
0.05; ** ; p < 0.005). 



with mlL-5.wt DNA developed AHR similar to nonvaccinated 
OVA-sensitized controls (Fig. 5 A) and naive mice that received 
CD4 + T ceils (Fig. 5B) after aeroallergen challenge. By contrast, 
in the OVA sensitization model AHR in mice vaccinated with the 
mIL-5.2 DNA was reduced to a level similar to that in nonsensi- 
tized saline-treated control mice (Fig. 5 A). Importantly, we also 
demonstrated that m IL-5. 2 DNA was effective at inhibiting T cell- 
regulated AHR. The level of airways reactivity to /3-methacholine 
in the T cell transfer model after mIL-5.2 DNA vaccination (Fig, 
5B) was similar to that observed in saline-treated controls (Fig. 
5A). Although there is conflicting evidence regarding the role of 
IL-5 in the development of AHR (15, 29). we show here that 
mIL-5.2 DNA vaccination can inhibit AHR in both OVA sensiti- 
zation and T cell transfer models of experimental asthma. 
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Production of Th2 cytokines is reduced after DNA vaccination 
with Th-modified IL-5 

To further characterize the mechanism of the mIL-5.2 DNA vac- 
cine-mediated inhibition of eosinophilia and AHR, we measured 
the production of various cytokines in the lungs and by OVA- 
stimulated peribronchial lymph node (PBLN) cells. No significant 
differences between naive nontreated controls and mlL-5.wt DNA- 
vaccinated mice were seen in the production of IL-4, IL-5. 1L- 10, 
or 1L- 13 at the level of protein or message production. By contrast, 
mIL-5*2 DNA- vaccinated mice had significant reductions in IL-5 
protein (40-60%) and message levels (Tables II and III). Surpris- 
ingly, 1L-4 and IL-10 production were also reduced at the level of 
protein and message after mlL-5.2 DNA vaccination. No signifi- 
cant reductions were seen in the production of OVA-specific IgE 
levels or 1L-13 (Tables II and III and data not shown). These data 
suggest that active vaccination against murine IL-5 can reduce not 
only IL-5 levels, but also other key cytokines involved in the 
pathogenesis of asthma, presumably by reducing the numbers of 
inflammatory cells (lymphocytes and eosinophils; see Table I) re- 
cruited to the lung that are producing Th2 cytokines. 

Discussion 

In this investigation, we show that active vaccination againstTL-5 
is a novel therapeutic approach for the treatment of asthma and 
potentially other eosinophilic disorders. Asthma as well as many 
other chronic diseases are associated with the aberrant expression 
of self-proteins. The expression of IL-5 in the lung is inversely 
correlated with pulmonary dysfunction in asthmatics, and the level 
of expression is directly correlated with the number of eosinophils 
detected in asthmatic airways (8, 10, 11). Animal studies have 
indicated that neutralizing IL-5 can profoundly attenuate eosino- 
philia and the subsequent damage caused by these leukocytes in 
the allergic lung (17). Reducing IL-5 levels can also reduce AHR 
independently of its role in eosinophilia (30), probably via the 
effects of IL-5 on airways smooth muscle (3 1 , 32). The Th-mod- 
ified IL-5 vaccine approach demonstrates the therapeutic potential 
for immunologically based vaccines directed against pathogenic 
self-proteins. By incorporating a promiscuous foreign Th epitope 
into self-proteins, thus providing sufficient T cell help, immuno- 
logical tolerance to self-proteins can be bypassed (18-20). We 
show here that a murine Th-modified IL-5 DNA vaccine can in- 
duce an immune response that produces polyclonal Abs that are 
cross-reactive with native murine IL-5. Moreover, this immune 



Table III. Reduced production ofTh2 cytokines in PBLN ceils of Th- 
modified IL-5 DNA-vaccinated OVA-sensitized mice 0 







OVA" 






IL-4 (ng/ml) 


II.-; 


> (ng/ml) 


IL-13 (ng/ml) 


Saline 


ND 




ND 


ND 


OVA 


0.77 ± 0.05 c 


61 


± 3.3 


15.5 ± 2.5 


OVA/mIL5.wt 


0.71 ± 0.06 


54 


±9.1 


16 ± 3 


OVAVmIL5.2 


0.31 ±0.03* 


26 


± 4.3* 


13 ± 0.1 



° Cells from the PBLN were recovered frwn mice after exposure to an aerosol 
of OVA. 

6 Cells were stimulated with OVA in MLC medium for 72 h, and cytokine ELISAs 
were performed on supernatants. 

c Mean cytokine production is shown (±SEM; n = 4 mice per group). Assays 
were repeated twice independently in duplicate. 

* IL-5 and IL-4, p < 0.05 for OVA-sensitized ml L-5.wt- vaccinated mice when 
compared with OVA-sensitized mIL-5. 2- vaccinated mice. 



response reduces airways inflammation. AHR and the production 
of key pathogenic Th2 cytokines in the pulmonary compartments 
of mice exposed to allergen-induced models of experimental 
asthma. 

Immune responses against self-proteins such as \L-5 are usually 
not generated due to immunological tolerance. B cell Ag receptors 
to self-proteins are normally removed from the repertoire to induce 
tolerance and avoid autoimmunity (33, 34). However, immature B 
cells undergoing the induction of tolerance are ^exquisitely sen^^^^^ 
trve to T cell help, which, if provided, can rescue B cells from the ""r^ 
induction of tolerance and promote B cell development (35). Im- 
portantly, we demonstrate that vaccination with Th-modified IL-5 
DNA provides abundant T cell help that is capable of inducing a 
B cell response that elicits cross-reactive immunity with native 
IL-5. Our studies suggest that a portion of B cell tolerance is main- 
tained by the careful regulation of T cell help. Indirectly, tolerance 
of the CD4 T cell compartment regulates B cell tolerance. Vacci- 
nation with DNA encoding Th epitope-modified self-proteins (but 
not DNA encoding unmodified self-proteins; see Fig. 2) that can 
provide T cell help in the appropriate context bypasses B cell 
tolerance. 

Analysis of cytokine production in draining lymph nodes re- 
vealed a general reduction in Th2-type cytokines. Reduced levels 
of IL-5, IL-4, and IL-10 were measured in mIL-5. 2 -vaccinated 



Table II. Reduced production and expression of Th2 cytokines in PBLN cells and lungs of Th-modified IL-5 DNA -vaccinated mice that received 
CD4 + T cells 0 



OVA* 





IL-4 (ng/ml) 


IL-5 (ng/ml) 


IL-10 (ng/ml) 


IL-13 (ng/ml) 


IFN-7 (ng/ml) 


OVA 


0.57 ± om c 


39 ± 3.0 


27 ± 3.0 


14 ± 1.7 


ND 


OVA/mIL5.wt 


0.63 ± 0.04 


41.2 ± 6.8 


25 ± 0.2 


13 ± 2.0 


ND 


OVA/mIL5.2 


0.24 ± 0.03* 


23.7 ± 2,0* 


17 ± 2.0* 


1 1 ± 0.3 


ND 




(transcript 


(transcript 


(transcript 


(transcript 


(transcript 




U/HPRT) 


U/HPRT) 


U/HPRT) 


U/HPRT) 


U/HPRT) 


OVA 


0.72 ± 0.03' 


0.59 ± 0.03 


0.56 ± 0.03 


0.71 ± 0.03 


0.15 ± 0.01 


OVA/mIL5.wt 


0.74 ± 0.02 


0.65 ± 0.01 


0.59 ± 0.03 


0.78 ± 0.03 


0.15 ± 0.01 


OVA/mIL5.2 


0.22 ± 0.19** 


0.27 ± 0.02** 


0.37 ± 0.02** 


0.75 ± 0.04 


0.13 i 0.02 



" Cells from the PBLN were recovered from mice after transfer of T cells and exposure to an aerosol of OVA. 

h Cells were stimulated with OVA in MLC medium for 72 h, and cytokine ELISAs were performed on supernatants. 

*' Mean cytokine production is shown (iSLM; n — 4 mice per group). Assays were repeated twice independently in duplicate. 

J Total RNA was isolated from lungs and RT-PCR was performed to determine relative quantities of mRNA for various cytokines. Values were derived by dividing the mean 
of the triplicate values measured for the transcript of interest by the mean of triplicate HPRT values for the sample (/i = 4 mice per group). 

* IL-5. p < 0.05; JL-4./J < 0.005: 1L- 10, p < 0.05 for OVA-scnsitizcd ml L~5.wt- vaccinated mice when compared with OVA-sensitized m IL-5. 2 -vaccinated mice. 
** IL-5 and IL-4. p < 0.005 for OVA-scnsitizcd mIL-5.wt-vaccinatcd mice when compared with OVA-scnsitizcd ml L-5. 2- vaccinated mice. 
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mice. Previous studies have shown that administering short non- 
specific immunostimulatory DNA sequences could inhibit eosin- 
ophilia, IL-5. and AHR in similar models of allcrgcn-induccd lung 
disease (36, 37). The proposed mechanisms in those studies sug- 
gest that both an immediate production of I L- 12 and IKN-^by the 
innate immune system and a general shift from a Th2 to a Thl 
immune response by the adaptive immune system inhibit the ac- 
tivation of bone marrow-derived eosinophils and the subsequent 
generation of AHR. Although we cannot rule out a similar mech- 
anism playing some role in the present studies, neither the mlL- 
5.wt nor the mJL-5.2 DNA vaccine induced a detectable Thl im- 
mune response. I FN- 7 levels were consistently low in all study 
groups (Table 11). Our data suggest that our vaccine approach is 
highly specific for targeting IL-5 and that the OVA-allergen in- 
duces a Th2 immune response as seen in the cytokine profile (see 
Tables II and III) and anti-OVA Ab iso types (data not shown). 
DNA encoding wild-type murine IL-5 (or vector-only controls) 
showed no effect on the general Th2 environment and did induce 
Thl cytokine production (Table II) or skew Ab isotypes. In addi- 
tion, it is unlikely that a general Th 1 environment could skew the 
cytokine production by the adoptively transferred OVA-specific 
Th2 CD4 + T cells in such a short time frame. A more plausible 
explanation of the reduction in Th2 cytokine levels is that by neu- 
tralizing IL-5 and thus inhibiting T cell and eosinophil infiltrations 
into the lung, we have reduced the total number of cells capable of 
producing these Th2 cytokines (see Table I). The broad effects 
obtained by reducing IL-5 levels suggest that IL-5 production is 
central to a cascade of events that eventually results in the pro- 
duction of other Th2 cytokines and airways inflammation leading 
to AHR. 

In summary, the Th -modified vaccine approach is capable of 
circumventing many of the problems associated with previous vac- 
cine techniques, namely, bypassing immune tolerance and gener- 
ating a polyclonal immune response. This approach also allows for 
longitudinal immunotherapy and potential resolution from chronic 
disease. Numerous studies have validated IL-5 as a therapeutic 
target for the treatment of asthma (8, 10, 11, 15, 38, 39), and 
promising results have been seen with anti-lL-5 mAb treatment in 
various animal models (16, 17, 40-46). Several clinical trials are 
currently evaluating the efficacy of anti-IL-5 mAb therapy in man, 
but have shown limited success to date in allergic asthmatics (47). 
Additional studies are required to determine the clinical efficacy of 
IL-5 neutralization in asthma as well as other eosinophilic disor- 
ders. By contrast to systemic humanized anti-IL-5 mAb adminis- 
tration, it is conceivable that in our vaccination approach, by using 
autologous B cells to deliver the therapeutic Abs at high concen- 
tration at the disease sites, we access microenvironments that are 
critical for disease expression and neutralize the pathogenic prop- 
erties of IL-5. Although our DNA vaccine did not appear to drive 
a Thl immune response, the ability of DNA vaccination to deviate 
immune responses toward a Thl profile could be beneficial in 
treating allergy and could be exploited with our vaccine by adjust- 
ing the dose, route, or frequency of the DNA vaccine administra- 
tion. Preliminary safety studies monitoring organ weights and gen- 
eral histology of selected tissues, including trachea and airways 
smooth muscle, show no differences between naive untreated and 
Th-modified IL-5 DNA-vaccinated mice (data not shown). Prelim- 
inary observations show that by 45-50 days after the last DNA 
vaccination Ab levels are declining (data not shown), as expected 
from previous vaccination studies with other Th-modified vaccines 
(A. Ncisig, M. Hertz, and I. Dalum, unpublished observations). In 
conclusion, Th-modified IL-5 DNA provides a cost-effective ther- 
apeutic vaccine method for inhibiting pulmonary inflammation and 
AHR in response to allergen provocation of the airways. Active 



vaccination against IL-5 represents a novel therapeutic approach 
for the treatment of asthma and other allergic conditions. 
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emerging 

therapeutic vaccines 

The excitement over the past 30 years for immunotherapy of cancer and other diseases has not led to 
the expeaed clinical successes, ^Over-enthusiasts predicted a cure for cancer with the initial 
development of monoclonal, antibody technology; and later the 'magic buljets- or toxin-labeHed 
antibodies. lderitificatidn of proteins restricted to,. or at least bverexpressed in tumour's has also led to 
disappointing clinical results.The main barriers have been a lack of immunological understanding of the 
proce^es;:!^^ 

immune responses and how to manipulate the immune system to avoid Tmmu^ 

opened the way for emerging therapeutic vaccinations in the treatment of ri&^ 

diseases as welLThis review will focus on immunotherapy for cancer and chronic ^humari diseases 

characterised by the altered expression of self-proteins. 



Immunological tolerance regulates the immune sys- 
tem such that foreign pathogens are quickly 
attacked, while immune responses directed against 
the body are rare. This is achieved by -functionally 
removing cells that recognise self -antigens from the 
immune system. In most cases, a breakdown of 
immune tolerance is undesirable, and leads to autoim- 
munity. However, in some situations it is beneficiaJ to 
elicit an immune response against self-proteins aber- 
rant y expressed in chronic human diseases and in can- 
cer (eg the overcxpression of Hcr-2 in breast cancer). 
Tlit* immune system is divided into two main respons- 
es, the innate immune response and the adaptive 
immune response. The innate immune response is the 
body's first line of defence and is mostly nonspecific; 
while the adaptive immune response is a specific 
response to the invading pathogens, and is the response 
targeted by vaccination. The adaptive response is com- 
posed of B and T lymphocytes that recognise specific 
'epitopes' or structures of the pathogen. B lymphocytes 
recognise three-dimensional structures on proteins and 
produce antibodies that bind these struct tires. T iym- 



phocytes recognise short peptides fS-15 mersl, present- 
ed in the context of the major histocompatibility com- 
plex (MHC) on anrigen presenting ceils, and become 
activated. T helper (Th) cells recognise peptides pre- 
sented in MHC class II complexes and provide sign a U 
that help to* activate other cells. Cytotoxic T lympho- 
cytes ( GTLs)' - recognise ; peptides presented in MHC 
class 1 complexes and J fciU target cells that present the 
same peptide/MHC class 1 complexes. 

Considerable excitement concerning the treatment 
and diagnosis of disease, mainly cancer, arose with the 
development of monoclonal antibody technology in 
1975 by Kobler and Milstein'. Unfortunately, very lit- 
tle clinical progress has been made utilising monoclon- 
al antibodies to treat disease, with several noted excep- 
tions tRituxtmab (<*-CD20), Remicade la-TNR and 
Herceptin (a-Her-2). Part of the failure of monoclonal 
a n ri bodies in treating disease may partly be due to the 
lack of support from the pharmaceutical industry, 
which pulled its RcVD funding after initial endeavours 
did nor live up to expectations. However, there has been 
a resurgence of interest and success with monoclonal 
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AutoVac™ B-cell Activation 

Thrcell — 




Figure I 

AutoVac™ can bypass immunological tolerance by providing help to B and T r/mprK>cytesThe 
AutoVac™ recombinant ^protein, or DNA, b taken iup, processed and peptides are presented 

^r*>cc#^^^ii|c*^^ 

become activated, upregubte costimulatc^ cytokines. A B-cdbf ■;">.- 

recognising the setf-ant^en afeo internalise the AutoVac 7 ?^ protein via the B oefl antigen 
receptor, process and present the peptides toTh cells. Activated Th celts that recognise the 
peptides presented by B-ceBs activate the B-cells to differentiate into antibody secreting plasma 
cells that produce antibody capable of cross reacting with the non-modified setf-protein. B The 
activation of APCs byTh cells is required to stimulate CTLs. recognising peptides bound to 
MHC class 1 molecules, capable of killing target cells expressing the setf-protein. 



antih<»dir>, which mirrored in the number of mono 
clonal antibodies marketed or in late stage clinicni trials 
for horh cancer and immune system disorders such as 
asthma, allergy and autoimmunity {see Tahle IK 

The treatment eff^cy id a motniclonai antibody is 
usually lower than that of a strong polyclonal 
response, and the high doses and frequent pattern 
administrations can cause problems- Most notahlv. 
endogenous. immune responses to the 'foreignnes*' of 
the monoclonal antibody in the form nf anrindiotypic 
antibodies and immune reactions To xenoeenic and 
isotypic aspects of the monoclonal antibody if ir i< nor 
fully -humanised have caused significant problems. The 
recent genernrion of mice cvprrssinp human 
immunoglobulin gene segments should facilitate the 
production of fully humanised monoclona'f amibod- 
ies^. In addition to producing humanised monoclonal 
antibodies, much improved preclinical daw can he 
obtained using these mice in combination with mice 
expressing human major histocompatibility compleT 
(MHC) -molecules-';--. Better immunological under 
stepejing^of how rJg n^nc^ cJp^^l j^^j 



AutoVac™ CTL Activation 

Th CTL 



CTL 



APC 




AutoVac DNA 
vaccine 



h'ffwcve^^t hera peuxk? - va coria Hons ^ may -; h aye ^o yer i. 
wHel m i hg a dyari tapes to m on ocl on a I a nti body thera py 
(see Table 2). 

Active vaccination has the advantage of recruiting 
the entire immune response to subdue the tarsered dis- 
ease. Vaccination can induce a polyclonal antibody 
response that gen era res antibodies to several epirope* 
and of different i so types** .The efficacy of clearing a 
soluble antigen is arguably increased by a polyclonal 
-imibodv response compared to the ability of n mono- 
clonal antibody. In addition, the activation of anti- 
body-dependent effector functions, the key to the. suc- 
cess of antibodies in cancer immunotherapy. -is orders 
of magnitude hetrer with a polyclonal antibody 
response than with a monoclonal antibody. In fact, rhr 
inability of monoclonal antibodies to activate effector 
functions can. -explain 'some -of the poor result* 
obtained in previous cancer trials. In addition to the 
humoral response, vaccination has the advantage of 
activating cell-mediated immunity such as i'TI/*. 
Acr»v;u**d CTI/; c:in directly till other cells, such as a 
rumour, expressing the target antigen and MHC cla<<; 
I. The advantages of inducing both a polyclonal 
humoral response and a strong cell-mediated response 
would provide a new generation of therapeutic vacci- 
nations with a greater chance of clinical success. 

The first therapeutic vaccine* utilised donor 
tumour cells as immunogens. Irradiated devitalised 
tumour cells are injected back into parienrs -.virh rhe 
aim of raising an immune re<pon<e to the tumour. 
Tolerance may prohibit immune r*„'sponse\ to the 
dominant epitope*, but bv providing <=ome I cell help 
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m* the U»rm mi recombinant cytokines, viral 

4 Ol iCuK ^3 1 ca; ut genet l C3 it V% l!U>tii 1 1 e j Lull I Our ceil a t e£ 



: " - * Vi ; uh ibc4drtuiLv"dUoii ; bl \uuiour-ai>ociate J -aim* 
"gciii. peptldr7 i ba>cd VrfCt.niiHiuni can He .ilrvciopcd !<»' 

^ft^^-^^^^UiH r^itb^bcrfpirl^cx^r esse J -iij s ji'f:- \1 
tci;- : j , tfpu3c4 are uitKeiv obtained dutcrl) "b> acid-du- 

. iiuii iioiii Ali-H.'. molceuica on the ceil aurtuic ol 
■ Tt/luuiuurs \ that can thru lie* ^cqucitccdj^ or utduectft " 
jv^uircvl *r Oil i uniiuur-apecitic heat *hock proteins 

* t.HblSj thdC *.baj>rrt*iir a wide vancl) of peptides^ 
UmonujiaieJy/ijic^e approaches havc'thc diyadxan 
- . tj^c oi being cXpcitMvc dud labour intensive, la addi 

Hon, because j complete ict oi. peptides derived ii bin 
both iioriiidi atid ;umoui*-aiM>cidtcd proteins are 
tneludeci. development o( autoimmunity 10 uoicuai 
tJivuf jna* ot-t.iir*'*. l^ctcf Htiumj: (he peptide b|^c«.tfut 
i) i*t tumour >pecilu CH,i e.\ utv*t can be u»ed to 
generate luiiiourNpcutu peptide vavono tor \hz 
^enei^HuHi ol V..*l 1 iC5pulK>ca. Peptide^ themselves 
ate poorb immunogenic, and nevd u» be conjugated 



cu a carrier protein. C onjugate vuccnje* \iie ablc-ro *.y - ; 
chcil minium- i ' pv* n>e> fi ii»' po i »r i * M ijh* lit f i. 1 :^* S I ^''^ . * * : ^ 

rudci t*v .prutiJiug j^cU^hej}|^ 

^ it i u i ui i to£eii i c i a? r lei 'pi of efii)fsT&l i la* b^TeffStilr^l m 1 REr^^fe : ^? 
heiiKK vantii (Kl.l i/. --OiiiurtuiidtcTv; ihe-doimuaim g - V "V~ 
n inmate- icapotoe to iiu->amci pioteiu icsults iii ~a J-'f " : 

^pofo ^fifillfliUc^^ 
Additionally conjugated, pepiidcs ntay^bavc piVUi * , =:.- *. 
iciui viticfifit; lhe Mil*. *.laas 1 prcieiitdtiuji paiim«j> ■ 
i or C 1 I, act j v a ci u i : . I h c -u i hci" diia d v a i 1 1 1 age or pe p i X p * ' 
itJe-t.Mavd therapies ii tliat the tnmiuite I'espuiise 
cl tailed i> tt» ibat Millie peptide -epitope; wv Uct eas a 
it\eu pioicui piobabl) ^uiiiauii >c>cl a) Ml iC, ^ia^i i 
and 1 1 binding pepadra. .. *. L - ' *' y , - \ ( " . 

*Jiher nieihodi oi eitiplo) tii£:pcpxide-ba>cd ihetu- V ?' 
pica include pulsiiijj peptides on Co dctiJutiv ^elU (har 
>}H.'s.iah^' in presi'iittni; anugen lo b and 1 Unipho- 
\.yfci [Umc liuiK.'w Ucjtvcii dciidnta veils a:e hai- 
*eMed tiotn lhe paneiii. ^H-ptide is loaded on (o ihe 
MIU iiiuickuie> (/n the ^uda*.c v.'t :hc driidrme *.cll 
rfltd the *ell> jir ietntiodu<ed itiiu the p«nieii(. I he 
.td^aina^e ol this approach n that the tunjou^ajwil- 
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r- peptides arc cfticicuily 'presented' to ihc immune 
s>stein in a way rhar optimally activates T cells. 
Multiple target epitopes can be presented tu the den- 
dritic cells with a cocktail containing several disease- 
associated pepride*. This approach is limited by cost 
^id^ffic^c>;: haying to develop specific vacciiiev for 
; eachibaticiii arid bypassing immune tolerance to the 

'v Jherapcuuc vaccines have been hindered bwr their 
'>iiia^icy : ;to;bf^kira^nunoiog>cal tolerance and to gen- 
erate a robusr response composed oi both a humoral 
aitd a cellular immune component. Several recent 
{ ad va nccs^ ha ve '„ addressed these problems, including 
^recombinant rviral vaccinations, polynucleotide (RNA 
. and UNA/ vaccinations, and a mo vaccinations 
{AutoVac^j- All of these techniques can induce 
immune responses to conserved self-proteins by pro- 
viding exogenous T cell help, to lymphocytes,' fllbcit at 
yarding e'ffi^ * . .' 

'Reciiaibihant vaccinia virus can induce strong 
tiiiinuue responses, both' hurnorai and cell -mediated, 
atdlwcikl v ^irnm uno^etiic se If -protein^. Recombinant, 
^^^^ ^p u^rjed v to ^^rxryess '.m wur^ep5| 
j^^p^^^^^uhm'uhostimulatory cytokines^ (suM 1 



anism is shown in Figure 1. This therapeutic vacci 
nation approach utilises the basic concepts of B-T 
lymphocyte, collaboration to induce self-reactive 
antibodies and Th cell activatiou of anugeu present- 
ing cells to stimulate CTLs 1 ?"* 7 . Self-pro teins.carry- 
- r ;ihg -prom iscuous Aorci^^ti ^cpitupefearc^endoc v 
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(Figure I A}. Using the. appropriate delivery system, ;i 
, drDNA vaccination (Figure iB), -AutoVac^^ mole- 
. culcs ^ can also ' induce^Ci^. As v m lA/ uiter- 

^ ^ : ^li^B ^gii^^^ then i 



^ as;lL^j2)!jOT C& tsuch as B7 famf 

dy' iiienibers^ The' extreme immuiiogejiicity of vac- 
dma;; virus uniits it& use to a single vaccuiaiiou that 
cannot be boosted^. The inability to boost or vacci - 
iiatc y> i th" s u bscq uci it " vacci nia - bast* d therapies, a nd 
. :^iher 5^fwy iconceriis, limit the use of recombinant 
- ' lyif al-bascd. vacciiiatioiis. 

Pojyilucleonde vacciitattoiib are able to generate 
both a humoral and a cell-mediated immune {espouse. 
\ but appear tu favour cell-mediated immunity. 
: ,RcCombiiiani v DNA or . KNA is introduced iu to the. 
^p^enty Where 'it : is expi es-»ed m cither ajitigen pre- ; 
'•/^c^tuig*^ activate lymphocytes; or it tv 

expressed and released by sonic other cell type and the 
protein is sequestered by the antigen presenting cell. 
^Prn^nfcal cja^a^are pronusmg. but rnore^ time' is need- 
ed to generate cluneal data in humans and to resolve 
. gaiety concerns. RNA vaccinations have safety advan- 
rages over DNA vaccina nous, in that RNA cannot 
incorporate into the faosr genome arid has a shoner 
half-lite than DNA. 

AutovaLctnation is ^iiiothcr apptoach that can 
bypabi irumuuologicat tolerance. Rapid and robust 
humoral and cellular immune responses can be 
induced to conserved self-proteins by providing 
exogenous "I cell help to setf-reactive 'lymphocytes. 
By coitsiru^uitg piuiciiis Loutaiinng pioim^cuou^ 
foreign J veil cpuo^b inserted into fleoublc regions 
ot sell -pi u i ei us. therapeutic jutovacs-inatioii can 
trick the iiuinuuc »>sieiu into ie>|Ktndmg to oilier- 
wiie nninuiiulogicalh tolerated proteins. The niech- 
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Prevention of Early Postmenopausal Bone Loss by Strontium Ranelate: A 
Randomised, Two-Year, Donble-BDnd, Piacebo-Controlkd Trial. J. k 
Reginster. * 1 R. Deroisv. * 1 Y Tsouderos/ I, Jypsin,* 1 C, 3 ! Bone and 
Cartilage Metabolism Unit, University of Liege, Liege, Belgiira^ 2 Iristitut de 
Recherches Internationales Servier, Courbevoie, France. ^Rhumatology, 
Hopital Cochin, Paris, France. 

PostmcoopaustJ booe loss remains a major public beaiih problem because two-thirds of 
women do not want to receive, or cannot be treated with, hormone replacement therapy. 
Strontium ranelate is a novel agent that increases bone formation and appears to uncouple 
the processes of bone formation and resorption. One bundled and sixty healthy, carry post- 
menopausal women were randomised to receive placebo or strontium ranelate (PRO- 
TOS®)125 mg/day, 500 mg/day or 1 g/day for 2 years (40 participants per group). All 
participants received a calcium supplement of 500 mg dairy. The primary efficacy parame- 
ter was annual increase in lumbar bone mineral density (BMD). measured using dual- 
energy X-ray absorptiometry. Secondary efficacy parameters included biochemical mark- 
ers of booe turnover. At month 24, only strontium ranelate 1 g/day demonstrated a signifi- 
cantly greater increase in adjusted lumbar BMD than placebo (p<0.05). The annual 
increase was 0.7%, compared with -0.5% with placebo, with an overall beneficial effect 
after 2 years of about 2.4% in the strontium ranelate 1 g/day group compared with the pla- 
cebo group. There were no other significant between-group differences in adjusted lumbar 
BMD. During treatment with strontium ranelate 1 g/day, a trend toward increased levels of 
bone formation markers was observed, with no effect on markers of bone resorption. Stron- 
tium ranelate displayed a tolcrability profile similar to dial of placebo. The nurrimum dose 
at which strontium ranelate is effective in p re v enting booe loss in early postmenopausal 
women is 1 g/day. This dose produced significantly greater increases in BMD than pla- 
cebo, and changes in bone turnover markers were consistent with the exertion of an uncou- 
pling effect on bone turnover. Further studies are now required to assess the efficacy of 
strontium ranelate in patients with established osteoporosis. 

F404 

Growth Hormone Increases Bone Mineral Content in Postmenopausal 
Osteoporosis. K. L. L. La nHiq- ^ pyimsgn A. Nilsson . Endocrine Division, 
Dept of Medicine, Gdteborg, Sweden. 

Growth hormone (GH) is an important regulator of bone. The aim was to study the 
effect of GH in osteoporotic, postmenopausal women. Eighty women, 50-70 years, £ 5 
years after the menopause and ongoing estrogen therapy since £ 9 months were random- 
ized to GH ( G c notr op i n®). 1.0 U or 23 U/day vs similar amounts of placebo, sobcutane- 
ously, double-blind during 18 months. The placebo group then stopped the injections, but 
both GH groups continued another 18 months, in total 3 years with GH. Calcium 750 mg/ 
day and vitamin D 400 U/day were given to all. Both the placebo group and the 2 GH 
groups are now foBowed-up until 4 years, ix. one year after the GH treatment was termi- 
nated, but with coo turned estrogen and caldum/vitamin D supplementation. The 5-year 
follow-up will be completed in June 2001. Insulin-like growth factor-1 (IGF-1) and lean 
body mass increased dose dependeutly in both GH groups at 3 years (p<0.001) and 
decreased to pre -treatment levels at 4 years. Lumbar, femoral and area! bone mineral den- 
sity and bone mineral content (BMC) increased 1-8% in all women, but no differences 
between the groups were seen after 3 years. Lumbar spine BMC increased 14% on 2-5 U 
GH and was higher than placebo (p=0.0006) at 4 years. Femur neck BMC increased 13% 
on 2-5 U GH and was higher than on 1.0 U GH (p=0.01). Total body BMC was higher on 
Z5 UGH than on 1.0 UGH (p=0.05) and placebo <p=0.01). respectively. Bone formation 
in the tetracycline labelled iliac crest bone biopsy increased in the 1.0 U GH group at 3 
years, but no differences were seen between the 3 groups. Body weight, height, quality of 
life, vertebral height on X-ray, handgrip strength and bone markers were unaltered after 3 
years. One radius fracture occurred in the 1.0 UGH group. Compliance was good accord- 
ing to the IGF 1 levels, which were blind for the investigator during the double-blind 
phase. None of the 80 women dropped out Side effects were rare. In conclusion, BMC 
increased op to 14% by treatment with 2^ U GH/day during 3 years and further differenti- 
ated from the group treated with \X> U GH/day and the placebo group, respectively, at 4- 
years follow-up, in postmenopausal osteoporosis. There seems to be a delayed, extended 
and dose dependent effect of GH treatment on bone. 

F414 

Dermal Application of Lovastatln for 5 days Stimulates Booe Formation in 
Ovariectomized Rats by 160%. G Gutierrez. 1 I. R. Garrett. 1 G Rossini. * 1 A. 
Escobedo. * 1 D. Horn. * 1 M. Qiao .* 1 J. Esp^rza, * 1 D. Lalka. * 2 Q, K MundV- 
*OsteoScreen Inc., San Antonio, TX, USA, 2 West Virginia University, School 
of Pharmacy, Morgantown, WV, USA. 

In recent years, it has been determined that statins, drugs which lower cholesterol by 
inhibiting HMG-CoA reductase, are also bone anabolic agents, causing substantial 
increases in bone formation in vino and in vivo in rodents. Their effects in vino on bone 
and when applied locally in vivo are more unpressive than when they are administer ed sys- 
temically by oral gavagc. Since statins arc subject to first-pass metabolism by cytochrome 
P450 enzymes in the liver, we reasoned that dermal application may produce more sus- 
tained blood levels in the peripheral tissues such as bone, and cause more substantial 
effects on bone than those resulting from oral administration. We determined therefore if 
topical application of lovastatin to the skin of ovariectomiied rats would lead to more sus- 
tained circulating blood statin concentrations and increases in bone formation rates. We 
used this model since it can produce alterations in the cancellous network similar to those 
seen in the human skeleton during aging and menopause. Wc measured statins in plasma 
by HMG-CoA reductase activity. We found that blood statin concentrations following a 



single dermal dose were higher and maintained longer than following an equivalent oral 
dose, indicating a greater AUC after dermal application. Rats were ovariectomized and 
treatment with oral or topical lovastatin was started the day following surgery. In the group 
treated orally, lovastatin was given daily by gavage for 35 days. In the group treated der- 
malry. die statin was applied topically (upper back after shaving) for 5 days only. Bones 
were analyzed after 5 weeks for both groups. Sham controls were included in both experi- 
ments. Topical lovastatin (1 mg/kg/day) caused 57% increase in trabecular bone after only 
5 days of treatment, There was > 150% increase in bone formation rate, which persi st ed for 
3 weeks without further treatment in the group treated topically. Oral lovastatin caused 
lesser but detectable increases in bone formation rates aMO times the dose, b)after more 
prolonged (35 days) beatment. When Lovastatin was given orally only for 5 days, there 
was no effect These results suggest that topical application of lovastatin produces greater 
anabohc effects on bone th*n oral administration and that alternative modes of administra- 
tion of the statins, such as topical application through a skin patch, improves bkxhstribo- 
tion to bone. They also show thai both in vitro and in vivo, mteTrrirtent statin oxatmenl is 
more effective than cotttmooro treatment , 

Disclosures: OstcoScreen, bia,l,3. 
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The PPAR-alpha Agonist Wyeth 14643 Increases Bone Mineral Density in 
Female Rats. U. Syversen. ** I. Bakke. * 1 K. W. Slardal. * 2 H. L_ Waldum.* 1 
1 Department of Intra-arxkmiinal Diseases, Norwegian University of Science 
and Technology, Faculty of Medicine, Trorulheim, Norway, 2 Depaitment of 
Physiology and Bioengmeering Techniques, Norwegian University of Science 
and Technology, T^ndheim, Norway. 

Peroxisome prolifcrator-activatcd receptors (PPARs) are niembers of the steroid nuclear 
sinxrfaniry of receptors that have been shown to modulate the expression of genes 
involved in lipid metabolism and fat storage. Recently, the presence of PPARs has also 
been demonstrated in bone cells and a role in bone metabolism has been postulatedJn the 
present study we have «<«Tm»H the effect of the PPAR alpha agonists Wyeth 14643 and 
dpxedibrate on bone mineral density (BMD) in female rats. Thirty female Fischer rats were 
divided into 3 groups end were given mcthoccl (control group), Wyeth 14643 (50 mg/kg 
body weight) and aprofibrate (50 mg/kg body weight) for 2 months. BMD in femur and t 
total body in intact animals was measured using a Hologic QDR 4500A. Body weight was 
registered throughout the study. Blood samples were drawn for measurement of gas- 
trin.Tbere was no difference in body weight between control rats and Wyeth 14643-treated 
rats, while the body weight was significantly reduced in aprofibrate treated rats. Serum 
gastrin levels were significantly increased after 2 mouths in rats receiving ciprofihrate 
(x33) and Wyeth 14643 (x2). compared to controls. There was a significant increase in 
total body BMD (0.154 1 0.007 g/cm 2 ) hi Wyeth 14643 treated rats co mpar ed to control 
rats (0.146 ± 0.004 g/cm 2 ), p < 0.05. while in rats receiving ciprofihrate, total body BMD 
(0.144 ± 0.004 g/cm 2 ) was significantly lower than in Wyeth 14643 treated rats. Femur 
BMD tended to be higher in Wyeth 14643 treated rats (0.263 ±0.011 g/cm 2 ) than in control 
rats (0.251 ± 0.007 g/cm 2 ), and was significantly higher than in aprofibrate treated rats 
(0.225 ± 0.014 g/cm 2 ), p < 0.001 Jn conclusion, treatment with the PPAR-alpha agonist 
Wyeth 14643 significantly increased BMD in female rats, while treatment with ciprofihrate 
resulted in a significantly decrease in BMD. 

F422 

A Therapeutic RANKL Vaccine Induces Neutralizing Anti-RANKL 
Antibodies and Prevents Bone Loss in Ovariectomized Mice, M. Hertz, * 1 X 
JujL* 2 S. Tanaka. * 2 S. Mouritsen .* 1 l M&E Biotech A/S, Horsholm, Denmark, 
^Department of Orthopaedic Surgery, University of Tokyo, Tokyo, Japan. 

Receptor activator of NF-kB ligand (RANKL) and the soluble decoy receptor osteopro- 
tegerin (OPG) are the critical regulators of osteoclast activity. Overexpression of RANKL 
has been shown to be nrvofved in the pathogenesis of resorptive bone diseases, such as 
osteoporosis. A therapeutic RANKL vaccine was developed by inodifying the soluble 
TNF-Hke domain of murine RANKL (ammo acids 158-316) to incorporate e promiscuous 
T helper (Th) epitope. The modified RANKL vaccine was well tolerated and able to bypass 
immunological tolerance and induce antibodies neutralizing native murine RANKL. Lym- 
phoid organogenesis, rymphocyte development and activation were normal in RANKL- 
vaccinated mice in contrast to RANKL-deficient mice. Antiserum from vaccinated mice 
inhibited osteoclastogencsis in vitro. More importantly, the RANKL vaccine protected 
mice from ovariectcany-mduced bone loss. Osteoclast numbers as well as bone resorptive 
surfaces were significantly reduced in RANKL vaccinated mice. Thus, vacc in a ti o n against 
RANKL tepi isuits a novel approach for the treatment of c>steoporosis, rVnmmmd arthritis 
and other di^r?*** aw >ri <"*d with increased osteoclast activity and bone loss. 

Disclosures: M&E Biotech A/S, J, 3. 
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, t ,i\ i jgand Stimulates Anabolic Bone Formation. J. Lam . F. P. Ross . 

L. Teitelbaum . 1 Washington University School of Medicine, Saint Louis, MO, 
USA. 

We have mack ihc surprising observation that murine RANK Iigand (RANKL), the key 
oMcoclastogenic cytokine, when adminbacred as an amino- terminal gluUihione-S-trans- 
f erase (GST) fusion protein, profoundly stimulates anabolic bone formation in vitro, ex 
vivo, and in vivo. Diurnal subcutaneous injection of GST-RANKL (158-316) (5 ug/kg to 
4.5 mg/kg) for 7 days in mice results in a dose-dependent net increase in the number of 
activated osteoblasts in long bones, maximizing at 25-foid relative to control (624 ± 43 ob/ 
mm 2 experimental vs. 28 * 4 oh/mm 2 control, p < 0.001). In contrast GST-RANKL fails to 
affect osteoclast number (45 ± 10 oc/nurr experimental vs. 39 ± 5 oc/mm 2 control). Sys- 
temic administration of GST-RANKL for 7 days induces as much as a 3-fold increase in 
cortical bone thickness, structural augmentation of the microarchitecture of the primary 
spongiosa, and a 10% increase (p < 0.01) in bone mineral density by DEXA. Dual fluoro- 
chrome labeling in animals receiving 1 5 mg/kg/day GST-RANKL for 7 days demonstrates 
a mineral apposition rate (MAR) of ±0.18 urn/day in the parietal bones of GST- 
RANK L-trealcd animals, compared with 0.18 ± 0.03 um/day in the parietal bones of con- 
trol animals, (p < 0.001). Marrow derived from mice administered 1.5 mg/kg/day GST- 
RANKL for 14 days exhibits a 100-fold increase in mineralizing bone nodules, when cul- 
tured under osteoblastogenic conditions ex vivo. Furthermore, administration of GST- 
RANKL fur 12 hours, given on days I and 4 of ex vivo whole organ culture, induces a 
dose -dependent increase in the thickness of calvaria. maximizing at 2-fold (46.1 ± 3.97 um 
experimental vs. 20.7 ± 1 .5 um control, p < 0.001 ). Consistent with the osteogenic proper- 
tics of GST-RANKL we find that its receptor RANK is expressed by primary mesenchy- 
mal osteo progenitor cells, and that the* cells respond to GST-RANKL with activation of 
the NFkB and MAPK pathways. Attesting to the function of RANKL- RANK signaling in 
osteoprogeniior cells, expression of the osteoblast transcription factor Cbfal is enhanced 
within I hour of in vivo treatment with GST-RANKL Thus, a chimeric derivative of the 
pro-resorptive cytokine RANKL can induce bone formation by a mechanism involving 
RANK signaling in early osteoblast precursors to enhance Cbfal expression and induce 
commitment to the osteogenic phenotype. RANKL, or derivatives thereof, therefore pre- 
sents itself as a potential anabolic agent for bone. 

1054 

Cells of the Osteoblastic Lineage from Transgenic Mice Over-Expressing 
Cbfal Induce Increased Bone Resorption in Vitro. V. Geoffrey .** M. 
Kneisscl 2 B Fournier .* 2 P. Matthias .* 1 'Friedrich Miescher-lnsutute, Basel, 
Switzerland, 2 Bone Pharma, No van is, Basel, Switzerland. 

The transcription factor Cbfal is required for bone formation. It acts as a differentiation 
factor during mesenchymal condensation and is also important for proper osteoblastic 
function, but its role in adult bone remodeling is not fully understood. To address this ques- 
tion we generated transgenic mice ov(Texpressing Cbfa 1 under the control of the rat col- 
lagen type 1 promoter. These mice present a severe osteo pen ic phenotype associated with 
high bone turn-over, cortical bone los>, and multiple fractures.To understand the origin of 
the increased bone resorption, we developed bone marrow stromal cell cultures and recip- 
rocal co-culture of primary osteoblasts and spleen cells from wild type and transgenic mice 
followed by TRAP staining. The cultute of bone marrow stromal cells under osteoc lactoge- 
nic conditions showed that stromal cells of transgenic genotype induced an increased num- 
ber of TRAP positive multinucleated cells compared to wild-type cells. To confirm these 
results we performed co-culture experiments from osteoblasts derived from calvaria and 
spleen cells. As expected primary osteoblasts derived from transgenic mice trigger the gen- 
eration of more TRAP positive osteoclastic cells suggesting that primary osteoblasts as 
well as bone marrow stromal cells fr-wn transgenic mice have stronger osteoclastogenic 
properties compared to cells derived from wild-type animals. We then investigated the can- 
didate genes that could trigger this increase of TRAP positive osteoclasts and analyzed the 
expression of bone markers in calvari4-derived cells and Stromal cells isolated from wild 
type and transgenic animals. In these cells, we showed by semi -quantitative RT-PCR 
experiments, that the transgene was expressed in both cell populations and that the expres- 
sion of RANK-ligand and collagenase 3. two factors involved in formation-resorption cou- 
pling, were markedly increased in transgenic cells. These results are consistent with an 
increase of these two factors measured in RNA prepared from long bone of transgenic ani- 
mals. Our data rather suggest that the overexpression of Cbfal in cells of the osteoblastic 
lineage, including bone marrow stromal cells, have a positive effect on osteoclast differen- 
tiation and consequently on bone resorption. These findings also indicate that the increase 
of bone tum over observed in the mice overexpressing Cbfal under the control of the col- 
lagen type 1 promoter is partly due to the high expression level of RANK-ligand and colla- 
genase 3 in bone marrow stromal cells. 
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Longitudinal Transmenopatisat Changes in Three- Dimensional 
Trabecular Microarchitecture and Connectivity of Human Iliac Crest 
Bone Biopsies. Y. Jiang . 1 j. Zhao. 1 R. R. Recker . 2 M. W. Draper . 3 H. K. 
Genant . 1 Osteoporosis and Ajthrius Research Group, University of California, 
San Francisco, CA, USA. ^Osteoporosis Research Center, Creighton 
University, Omaha. NE, USA, 3 Lilly Research Laboratories, Indianapolis, IN, 
USA. _ 

This study was designed to capture true longitudinal transmenopausal changes in three- 
dimensional (3D) trabecular architecture, which may improve our ability to understand the 
pathophysiology of osteoporosis and other bone disorders, and to estimate bone biome- 
chanics] properties in terms of fracture resistance as the mechanical competence of trabec- 
ular bone is a function of its apparent density and 3D distribution. During aging and 
diseases such as osteoporosis, trabecular plates are perforated and connecting rods are dis- 
solved, with a continuous shift from one structural type to the other. Such changes can not 
be evaluated by 2D histological sections. In histomorphometry, there is debate about 
whether trabecular thinning occurs, or rather trabecular disappearance occurs with aging 
and/or menopause based on 2D sections using the parallel plate model. We examined 
paired bone biopsies from the iliac crest, not a primary weight bearing anatomical site, 
from 20 Caucasian women. The first biopsy was from normal, premenopausal women, age 
46.3 - 53.5 years (mean ± SD, 49.1 ± 2.7 years), and the second biopsy from the same 
group of women, but 12 months postmenopausal, occurring 23 - 8.4 years (5.0 * 1.7 
years) alter the first biopsy. The specimens were scanned using a micro computed tomog- 
raphy scanner (uCT 20, Scanco) with isotropic resolution of 20 um. 3D trabecular struc- 
tural parameters were directly measured without stereological model assumption. Values of 
0 and 3 for the structure model index represent an ideal plate structure and rod structure, 
respectively, while values ranging from 0 to 3 indicate a structure with both plates and rods 
of equal thickness, depending on the volume ratio of rods and plates. After menopause, 
there was a significant change in 3D trabecular bone volume fraction (-5.4%/yr), trabecular 
number (1.2%/yr), trabecular thickness (-3.3%/vt), trabecular separation (+2.0*/yr). 
structure model index (+ 1 1 .3%/yr), degree of anisolropy (-0.7%/yr), and connectivity den- 
sity (-2.0%/yr). The percentage change over the mean 5-year period was greater in 3D tra- 
becular thickness (-16.4%) than in trabecular number (-6.1%) and trabecular separation 
(+9.9%). Thus, there is a rapid deterioration of 3D trabecular structure and connectivity in 
the iliac crest in the initial postmenopausal year. Trabecular thinning does occur and trabe- 
culae dramatically shift from a plate-like structural type to a rod-like pattern, and become 
more isotropic. 

1056 

A Novel Therapeutic Vaccine That Prevents Pathological Bone Destruction 
in Models of Osteoporosis and RA. T. Juii . 1 K. Aokj / D. Horie .* 2 K. Ohva . 2 
M. Here .* 3 A. Gautam .* 3 S. Mouritscn .* 3 H. Oda .* MCNakamura J S. 
Tanaka . 1 'Department of Orthopaedic Sugery, Faculty of Medicine. The 
University of Tokyo, Tokyo, Japan, 2 Section of Pharmacology, Department of 
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The receptor activator of NF-kappaB ligand (RANKL) is a novel member of tumor 
necrosis factor family cytokines, which is critically involved in osteoclast differentiation 
and activation, and therefore important for normal bone development. There is accumulat- 
ing evidence that RANKL also plays important roles in the pathological bone destruction 
such as osteoporosis and rheumatoid arthritis. The natural inhibitor of RANKL, osteopro- 
tcgerin (OPG), has potent therapeutic effects on such conditions. However, repeated 
administration of OPG in larger dosescould potentially be immunogenic and may elicit 
antibody responses, limiting its long-term effectiveness. Here we describe a simple and 
effective method of active immunization against self RANKL as a possible treatment of 
bone diseases. RANKL protein vaccines were generated by inserting a promiscuous for- 
eign T helper (Th) peptide into the RANKL cDNA. Immunization with these vaccines 
. resulted in a rapid and sustainable polyclonal anti-RANKL antibodies in mice. No apparent 
macroscopic abnormality was observed in any organs of the immunizedanimats. To deter- 
mine the therapeutic effects of theses vaccines, we utilized ovariectomy and arthritis mod- 
els. Female BALB/c mice were immunized with cither control antigen or the Th peptide- 
modified RANKL vaccine four times at two week intervals before subjecting them to ova 
riectomy. Mice immunized with RANKL vaccines were resistant to bone loss in response 
to ovariectomy. Importantly, both osteoclast numbers as well as bone resorption surface 
were significantlyreduced in RANKL vaccinated mice. We next examined the effect of the 
vaccine on SKG mice, a natural mutant of BALB/c background, that develops spontaneous 
rheumatoid arthritis- like inflammatory joint disorders and bone destruction. Immunization 
with RANKL vaccines aimostcomplctely prevented the bone destruction in these mice. 
Osteoclast numbers in various regions of bones were also dramatically reduced following 
this vaccination. These results demonstrate that a therapeutic vaccine approach targeting 
RANKL can be used to inhibilbone destruction in a variety of pathological bone loss con- 
ditions such as osteoporosis and rheumatoid arthritis. 
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